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ABSTRACT
V a r i o u s  p a r a m e t e r s  ( p h y s i c a l  and b i o c h e m i c a l )  o f  t h e  d r y  s e e d s  o f  
f o u r  v a r i e t i e s  o f  l e n t i l s  ( L en s  e s c u i e n t a  M o en c h ) : two S y r i a n s ,
one  J o r d a n i a n ,  and o n e  A m e r i c a n  w e r e  s t u d i e d  a s  w e r e  t h o s e  o f  
s e e d l i n g s  grown f o r  up t o  5 d a y s  i n  t h e  d a r k  (25 C an d  35 C) an d  
i n  t h e  l i g h t  (25 C ) .
The n u t r i e n t s  s t u d i e d  w e r e  : c a r b o h y d r a t e s ,  l i p i d s ,  c r u d e  f i b r e ,
p r o t e i n s ,  and t h e  v i t a m i n s :  v i t a m i n  C, t h i a m i n e ,  an d  r i b o f l a v i n .  
On t h e  w h o l e ,  t h e r e  w e r e  no w i d e  d i f f e r e n c e s  i n  n u t r i t i o n a l  
v a l u e s  b e t w e e n  t h e  f o u r  l e n t i l  v a r i e t i e s  s t u d i e d .
1 .  D a r k - g r o w n  s e e d l i n g s  (25 C) w e r e  fo u n d  t o  b e  n u t r i t i o n a l l y  
b e t t e r  i n  r e t a i n i n g  t h e i r  v i t a m i n s  t h a n  t h o s e  grown a t  35 C, and 
a l s o  t h a n  t h o s e  grown a t  25 C i n  t h e  l i g h t .  On t h e  o t h e r  h a n d ,  
l i g h t - g r o w n  s e e d l i n g s  w e r e  n u t r i t i o n a l l y  b e t t e r  i n  t e r m s  o f  
p r o t e i n  q u a n t i t y .
2 .  The f o u r  v a r i e t i e s  o f  l e n t i l  s e e d s  w e r e  a l s o  home p r o c e s s e d  
( s o a k e d  i n  w a t e r  a n d  c o o k e d  f o r  1 h a t  100 C ) . T o t a l  a v a i l a b l e  
c a r b o h y d r a t e s ,  i n d i v i d u a l  s o l u b l e  s u g a r s ,  f r e e  amino a c i d s ,  an d  
t h e  t h r e e  v i t a m i n s  d e c r e a s e d  s i g n i f i c a n t l y ,  l i p i d s  a n d  p r o t e i n s  
d e c r e a s e d  s l i g h t l y ,  w h i l e  c r u d e  f i b r e  i n c r e a s e d  s i g n i f i c a n t l y  
a f t e r  home p r o c e s s i n g .  Two c h e m i c a l s ,  ammonium c a r b o n a t e  and 
t r i s o d i u m  p h o s p h a t e ,  a d d e d  i n  t h e  s o a k i n g  s o l u t i o n  s i g n i f i c a n t l y  
d e c r e a s e d  c o o k i n g  t i m e .
3 .  The l e n t i l  s e e d s  w e r e  a l s o  c a n n e d .  Most  n u t r i e n t s  s t u d i e d  
d e c r e a s e d  a f t e r  c a n n i n g .
4 .  S t o r a g e  o f  t h e  c a n n e d  p r o d u c t s  f o r  1 y e a r  a t  25 C c a u s e d  
f u r t h e r  l o s s e s  i n  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s ,  p r o t e i n s ,  f r e e  
am ino  a c i d s ,  an d  t h e  3 v i t a m i n s ,  w h i l e  c r u d e  f i b r e  a g a i n  
i n c r e a s e d .  S t o r i n g  t h e  c a n n e d  p r o d u c t s  a t  35 C f o r  one  y e a r  d i d  
a f f e c t  t h e  v a r i o u s  n u t r i e n t s  b u t  t h e  d e c r e a s e s  w e r e  n o t  a l l  t h a t
d i f f e r e n t  f rom t h o s e  s t o r e d  a t  25 C.
5 .  P a r a l l e l  s t u d i e s  u s i n g  s c a n n i n g  e l e c t r o n  m i c r o s c o p y  showed 
c h a n g e s  i n  t h e  c e l l u l a r  s t r u c t u r e  o f  g e r m i n a t e d ,  c o o k e d ,  an d  
c a n n e d  l e n t i l  s e e d s .  D u r i n g  g e r m i n a t i o n ,  s t a r c h  g r a n u l e s  c h a n g e  
t h e i r  s h a p e ,  become p o r o u s  an d  e a s i l y  b r e a k a b l e ,  an d  t h e  gaps  
b e t w e e n  s t a r c h  g r a n u l e s  become l a r g e r .  I n  co o k e d  l e n t i l s ,  t h e  
c e l l s  become m o r e  s e p a r a t e ,  an d  s t a r c h  g r a n u l e s  c h a n g e  t h e i r  
s h a p e s .  I n  c a n n e d  s e e d s ,  s t a r c h  g r a n u l e s  become ro u g h  an d  show a 
l o s s  o f  b i r e f r i n g e n c e .
6 .  T h e s e  s t u d i e s  h a v e  shown t h a t  co m p ar ed  t o  s e e d s  g e r m i n a t e d  
u n d e r  t h e  d i f f e r e n t  c o n d i t i o n s ,  d r y  u n p r o c e s s e d  s e e d s  a r e  t h e  
more  n u t r i t i o u s .
I t  h a s  b e e n  shown t h a t  c a n n e d  s e e d s  t o o  ca n  o f f e r  c e r t a i n  
a d v a n t a g e s  n u t r i t i o n a l l y .  H o w e v e r ,  t h e y  a r e  m o r e  c o s t l y  t o  
p r o d u c e  t h a n  a r e  d r y  s e e d s .  T h e r e f o r e ,  t h e  home p r o c e s s i n g  o f  
l e n t i l  s e e d s  i s  v e r y  b e n e f i c i a l  n u t r i t i o n a l l y  i n  a  d i e t  s a d l y  
l a c k i n g  i n  c a r b o h y d r a t e s ,  i n  p r o t e i n s ,  and i n  v i t a m i n  C, i n  
t h i a m i n e ,  an d  i n  r i b o f l a v i n .
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GENERAL INTRODUCTION
FAO ( 1 9 7 4 )  h a s  r e p o r t e d  t h a t  10-15% o f  t h e  Wor ld  a r e  
u n d e r n o u r i s h e d  a n d  up t o  h a l f  o f  them s u f f e r  h u n g e r  o r  m a l ­
n u t r i t i o n  o r  b o t h .  I t  h a s  b e e n  e s t i m a t e d  t h a t  n e a r l y  two b i l l i o n  
p e o p l e  do n o t  h a v e  enough  t o  e a t  and t h a t  p e r h a p s  a s  many a s  t e n  
t h o u s a n d s  d i e  e v e r y  d a y  e i t h e r  f rom l a c k  o f  fo o d  o r  f rom l a c k  o f  
enoug h p r o t e i n  a n d  v i t a m i n s  t o  p r e v e n t  m a l n u t r i t i o n  (POTTER, 
1978 ;  BERRY, 1 9 8 1 ) .  ADAMS e t  a l . ( 1 9 7 8 )  h a v e  r e p o r t e d  t h a t  e d i b l e  
leg ume s e e d s  h a v e  t h e  h i g h e s t  p r o t e i n  c o n t e n t  o f  a l l  c o m m e r c i a l  
c r o p s  a n d  o n  a w o r l d w i d e  b a s i s  may p r o v i d e  one of  t h e  m o s t  
i m p o r t a n t  s o u r c e s  o f  p r o t e i n  f o r  human f o o d .
T h e r e  i s  a  n e c e s s i t y  f o r  p r o t e i n - r i c h  f o o d  t o  m e e t  an i n c r e a s i n g  
w o r l d  p o p u l a t i o n .  Legume s e e d s  fo r m  t h e  m a j o r  p a r t  o f  p r o t e i n -  
r i c h  f o o d ,  an d  a r e  l e s s  e x p e n s i v e  t h a n  n o n - l e g u m e s ,  e . g .  c e r e a l s .  
LITZEN-BERGER ( 1 9 7 3 )  h a s  r e p o r t e d  t h a t  a b o u t  two t h i r d s  o f  t h e  
W o r l d ,  t h e  p o o r  c o u n t r i e s  consume o n l y  h a l f  o f  t h e  W o r l d ' s  
p r o t e i n ,  an d  t h i s  i s  m o s t l y  c e r e a l  p r o t e i n .  The n u t r i t i o n a l  
d e f i c i e n c i e s  a r e  m o s t  s e r i o u s  w i t h i n  d e v e l o p i n g  c o u n t r i e s ,  d i e t s  
a r e  g e n e r a l l y  d e f i c i e n t  i n  p r o t e i n  q u a n t i t y  a n d  q u a l i t y  b e c a u s e  
o f  t h e  p r e v a i l i n g  f o o d  c o n s u m p t i o n  p a t t e r n  a n d  p r e f e r e n c e s .  Many 
o f  t h e  l e g u m e s  grown i n  t r o p i c a l  a r e a s  a r e  p o t e n t i a l l y  a go od  
p r o t e i n  s o u r c e .  H o w e v e r ,  f o o d  s u p p l y  i s  n o t  k e e p i n g  p a c e  w i t h  
p o p u l a t i o n  g r o w t h ,  w h i c h  i s  i n c r e a s i n g  a t  an enorm ous  r a t e  
e s p e c i a l l y  i n  T h i r d  Wor ld  c o u n t r i e s .  The c o n s u m p t i o n  o f  fo o d  
l egume i s  t o  b e  e n c o u r a g e d  a n d  t h e r e f o r e  t h e r e  i s  a n e e d  f o r  
S c i e n t i f i c  a n d  T e c h n o l o g i c a l  r e s e a r c h  t o  a c h i e v e  t h a t  g o a l .  
ROCKLAND an d  RADKE ( 1 9 8 1 )  h a v & r e p o r t e d  t h a t  l e g u m e s  r e q u i r e  l e s s  
e n e r g y  p e r  u n i t  p r o t e i n  t h a n  c e r e a l  g r a i n s ,  an d  a l t h o u g h  many o f  
t h e  l e g u m e  p r o t e i n s  h a v e  l o w e r  n u t r i t i o n a l  q u a l i t i e s  t h a n  b e e f  
m u s c l e  p r o t e i n ,  y e t ,  up t o  t e n  t i m e s  a s  much e n e r g y  i s  r e q u i r e d  
t o  p r o d u c e  t h e  same am ou nt  o f  a n i m a l  p r o t e i n .
The P r o t e i n  A d v i s o r y  Group  (PAG) h a v e  i s s u e d  t h e  f o l l o w i n g  
s t a t e m e n t  " U p g r a d i n g  Human n u t r i t i o n  t h r o u g h  t h e  Im p r o v e m e n t  o f
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Food Legum e s"  (MILNER, 1 9 7 4 ) .  PAG recommends u r g e n t  r e s e a r c h  
and a t t e n t i o n  t o  l e g u m e s .  World  p r o d u c t i o n  o f  g r a i n  l e g u m e s  i s  
f a l l i n g  when c o m p ar ed  t o  c e r e a l s ,  m a i n l y  d u e  t o  c o n s i d e r a b l y  
g r e a t e r  y i e l d s  o b t a i n e d  w i t h  t h e  l a t t e r .
G o v e r n m e n t s  an d  I n t e r n a t i o n a l  o r g a n i s a t i o n s  a r e  t h e r e f o r e  
c o n t i n u i n g  i n  e n c o u r a g i n g  t h e  p r o d u c t i o n  o f  l e g u m e s .
Legumes h a v e  b e e n  t h e  s u b j e c t  o f  i n t e n s e  i n v e s t i g a t i o n s  f o r  many 
y e a r s  due  t o  t h e i r  i n c r e a s i n g  i m p o r t a n c e  a s  a human f o o d  s o u r c e ,  
an d  a f t e r  a l o n g  t i m e  o f  r e l a t i v e  n e g l e c t ,  t h e y  a r e  a g a i n  
r e c e i v i n g  a t t e n t i o n  a s  d r y  legume p r o d u c t s  an d  a s  l eg u m e  s p r o u t s  
(BATES e ^  a T . , 1 9 7 7 ) .  HENRY e ^  a K .  ( 1 9 8 2 )  h a v e  r e p o r t e d  t h a t
g e r m i n a t i o n  o f  s e e d s  f o r  72 h i m p r o v e s  t h e  n u t r i t i v e  v a l u e  o f  
b e a n s .  A l s o ,  p r e l i m i n a r y  s t u d i e s  h a v e  shown t h a t  s p r o u t s  may be  
u s e d  a s  raw m a t e r i a l  f o r  t h e  p r e p a r a t i o n  o f  some f o o d  i n g r e d i e n t s  
(POMERANZ ^  , 1977 ) .  A t  t h e  4 0 t h  m e e t i n g  o f  t h e  I n s t i t u t e  o f
Food T e c h n o l o g i s t s ,  VANDERSTOEP ( 1 9 8 1 )  s t a t e d  t h a t  i t  w as  s t i l l  
n o t  c l e a r  w h e t h e r  t e m p e r a t u r e  o r  l i g h t  a f f e c t e d  t h e  p r o t e i n  
c o n t e n t  o f  g e r m i n a t e d  l e g u m e  s e e d s .  T h e r e f o r e ,  m ore  r e s e a r c h  i s  
n e e d e d  t o  s t u d y  t h e  c o m p o s i t i o n  o f  d i f f e r e n t  k i n d s  o f  s p r o u t s  a n d  
t h e  b e s t  way t o  p r e p a r e  t h e m . The i n t e s t i n a l  d i s c o m f o r t  o f  
f l a t u l e n c e  w h i c h  f o l l o w s  t h e  c o n s u m p t i o n  o f  l e g u m e s ,  e . g .  b e a n s  
and p e a s ,  i s  a s s o c i a t e d  w i t h  o l i g o s a c c h a r i d e s  e s p e c i a l l y  s t a c h y o s e  
an d  r a f f i n o s e  (RAO an d  BELAVADY, 1978;  EAST £ t  ^ . ,  1972 ;
SUGIMOTO an d  VANBURN, 1 9 7 0 ) .  G e r m i n a t i o n  o f  legume s e e d s  i s
b e l i e v e d  t o  a f f e c t  t h e  o l i g o s a c c h a r i d e  c o n t e n t .
KAY ( 1 9 7 9 )  h a s  r e p o r t e d  t h a t  l e n t i l s  a r e  t h e  o l d e s t  o f  t h e  g r a i n  
l eg u m es  a n d  a r e  t h o u g h t  to  h a v e  o r i g i n a t e d  i n  A s i a  M i n o r  f rom 
w h e r e  t h e y  s p r e a d  t o  E y g p t ,  C e n t r a l  an d  S o u t h  E u r o p e .  They  a r e  
a l s o  now c u l t i v a t e d  i n  t h e  U .S .A .
CUBERO ( 1 9 8 1 )  h a s  r e p o r t e d  t h a t  t h r e e  g r o u p s  o f  l e n t i l s  a r e  
r e s t r i c t e d  t o  c e r t a i n  a r e a s  : PILOSAE t o  I n d i a ,  AETHIOPIAE t o
E t h i o p i a  a n d  Yemen,  and SUBSPONATANEAE t o  t h e  A f g h a n  r e g i o n s .  The
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t h r e e  g r o u p s  a r e  c h a r a ^ e r i z e d  by v e r y  s m a l l  and d a r k  c o l o u r e d  
s e e d s .  The f i v e  l o w e s t  p r o t e i n  c u l t i v a r s  o r i g i n a t e d  i n  E t h i o p i a  
and Yemen (SOLH an d  ERSKINE, 1 9 8 1 ) .  T h e r e  i s  h o w e v e r  c o n s i d e r a b l e  
v a r i a t i o n s  i n  t h e  r e s p o n s e  o f  c u l t i v a r s  to  t e m p e r a t u r e .  KAY 
( 1 9 7 9 )  h a s  a l s o  r e p o r t e d  t h a t  l e n t i l s  c o n s t i t u t e  a b o u t  2 .4% o f  
t h e  t o t a l  W or ld  o u t p u t  o f  g r a i n  l e g u m e s ,  and World  p r o d u c t i o n  
a v e r a g e d  1 , 0 9 4 , 4 0 0  t / a  f o r  t h e  p e r i o d  1 9 7 0 - 7 4 ;  t h e  m a j o r
p r o d u c i n g  c o u n t r i e s  b e i n g  I n d i a ,  E t h i o p i a ,  T u r k e y ,  U . S . S . R .  and 
S y r i a .  They o ccupy  a p l a c e  s e c o n d  o n l y  t o  B en g a l  and b l a c k  gram 
among t h e  p u l s e s  commonly co n su m ed  i n  I n d i a  (SAINT-CLAIR, 1 9 7 2 ) .  
L e n t i l s  a r e  c o n s i d e r e d  t h e  m o s t  e a s i l y  d i g e s t i b l e  o f  g r a i n
l eg u m es  (BRESSANI ^  a T . ,  1 9 7 3 ) .  DARLING ( 1 9 8 1 )  h a s  m e n t i o n e d
t h a t  a l t h o u g h  l e n t i l s  a r e  among t h e  o l d e s t  c u l t i v a t e d  p l a n t s  i n  
t h e  W o r ld ,  y e t  t h e y  h a v e  n o t  b e e n  s t u d i e d  t o  any l a r g e  e x t e n t .  
Most  o f  t h e  w o r k  d o n e  h a s  c o n c e n t r a t e d  on  t h e i r  p r o t e i n  c o n t e n t .  
ABU-SHAKRA and TANNOUS ( 1 9 8 1 )  h a v e  r e p o r t e d  t h a t  v e r y  few s t u d i e s  
h a v e  b e e n  c a r r i e d  o u t  on t h e  q u a l i t y  o f  l e n t i l  a s  i t  r e l a t e s  to  
human n u t r i t i o n  a n d  f o o d  s u p p l y .  P r i o r i t i e s  i n  r e s e a r c h  s h o u l d  
t h e r e f o r e  b e  g i v e n  t o  s c r e e n i n g  n u m ero us  l e n t i l  v a r i e t i e s  f o r  
t h e i r  am in o  a c i d  c o n t e n t s ,  f o r  d e c r e a s i n g  c o o k i n g  t i m e ,  an d  a l s o  
f o r  p r o c e s s i n g  t h e  g r a i n s .  L e n t i l s  a r e  a c h e a p  s o u r c e  o f  p r o t e i n ,  
t h e r e f o r e  an  i n c r e a s e  i n  l e n t i l  c o n s u m p t i o n  w i l l  l e a d  t o  an 
i n c r e a s e  i n  p r o t e i n  i n t a k e  i n  a  d i e t  w h i c h  i s  o t h e r w i s e  s a d l y  
l a c k i n g  i n  i t .
ADAMS e ^  ( 1 9 7 8 )  h a v e  a l s o  e m p h a s i z e d  t h a t  f u r t h e r  r e s e a r c h
s h o u l d  be  d i r e c t e d  t o w a r d  t h e  i m p o r t a n t  p h y s i c a l ,  c h e m i c a l  and 
b i o l o g i c a l  p r o p e r t i e s  o f  l e g u m e s  a s  f o l l o w s  :
1 . p h y s i c a l  p r o p e r t i e s ,
( a )  i n f l u e n c e  o f  t e m p e r a t u r e  on c o o k i n g  r a t e  o f  d r y  l e g u m e s ,
( b )  c h a n g e s  i n  t i s s u e s  a n d  c e l l  s t r u c t u r e s  r e l a t e d  t o  s o a k i n g  
an d  c o o k i n g ,
( c )  g e l a t i n i z a t i o n  c h a r a c t e r i s t i c s  o f  leg ume s t a r c h e s ,
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2 . c h e m i c a l  p r o p e r t i e s ,
( a )  v i t a m i n s ,  p r o t e i n s ,
( b )  o t h e r  c h e m i c a l  c o n s t i t u e n t s  o f  d r y  and c o o k e d  l e g u m e s .
I f  s u c h  r e s e a r c h  g o a l s  w e r e  a t t a i n e d ,  i t  w o u l d  i m p r o v e  t h e  
a c c e p t a n c e  o f  many l eg u m es  i n  g e n e r a l  an d  l e n t i l s  i n  p a r t i c u l a r .
CULL and GEORGE ( 1 9 8 1 )  h a v e  r e p o r t e d  t h a t  FAO h a s  a s e e d  I n d u s t r y  
p ro g ram m e ,  w h ich  i s  t a k i n g  i n t o  c o n s i d e r a t i o n  f a c t o r s  su ch  as  
s e e d  p r o d u c t s ,  p r o c e s s i n g  a n d  s t o r a g e  c o n d i t i o n s .  A l t h o u g h  t h e  
more  p o p u l a r  l e g u m e s ,  e . g .  b e a n s  a n d  p e a s  h a v e  b e e n  p r o c e s s e d  
i n t o  d i f f e r e n t  f o r m s ,  t h e r e  a r e  r e l a t i v e l y  f e w e r  s t u d i e s  on t h e  
p r o c e s s i n g  o f  l e n t i l  s e e d s  (ABU-SHAKARA and TANNOUS, 1 9 8 1 ) .  Most 
l eg u m es  c o n t a i n  s u b s t a n c e s  t h a t  i n h i b i t  d i g e s t i v e  e n z y m e s .  
D e s t r u c t i o n  o f  t h e s e  s u b s t a n c e s  i n c r e a s e s  t h e  n u t r i f c i v e  v a l u e  o f  
t h e  f o o d ,  w h i l e  h e a t  t e a t m e n t  b e y o n d  t h a t  n e e d e d  t o  d e s t r o y  t h e s e  
s u b s t a n c e s  c a u s e s  a  r e d u c t i o n  i n  t h e i r  n u t r i t i v e  v a l u e  (BENDER, 
1 9 7 8 ) .
K now le dge  a b o u t  t h e  e x t e n t  o f  damage  o f  n u t r i e n t s  d u r i n g  
p r o c e s s i n g  a n d  s t o r a g e  s t a b i l i t y  i s  i m p o r t a n t .  The n u t r i e n t s ^ e . g .  
v i t a m i n s , l o s t  d u r i n g  s t o r a g e  d e p e n d  upon t h e  r a t e  o f  o x i d a t i o n  o f  
o t h e r  n u t r i e n t s  e . g .  f a t ,  s i n c e  t h e y  a r e  a t t a c k e d ' b y  p e r o x i d e s  
a n d  f r e e  r a d i c a l s  fo r m ed  f r o m  f a t .  D e s t r u c t i o n  t h e r e f o r e  d e p e n d s  
upon many f a c t o r s ,  e . g .  t e m p e r a t u r e ,  an d  o x y g e n  (BENDER, 1 9 7 8 ) .  
B e c a u s e  o f  t h e  d i f f e r e n t  c h e m i c a l  an d  b i o l o g i c a l  p r o p e r t i e s  o f  
l e g u m e s ,  p r o c e s s i n g  a n d  u t i l i z a t i o n  t e c h n o l o g i e s ^ m u s t  b e  a d o p t e d  
f o r  s p e c i f i c  l eg um e v a r i e t i e s  a n d  c u l t i v a r s  (ROC^AND an d  RADKE. 
1 9 8 1 ) .  P r o c e s s i n g  o f  f o o d s  c a n  s e r v e  a n um ber  o f  f u n c t i o n s ,  
i n c l u d i n g  m i n i m i z i n g  p o s t - h a r v e s t  l o s s e s  a n d  i n t r o d u c i n g  t h e  f o o d  
i n  d i f f e r e n t  fo r m s  w h i c h  m i g h t  i n c r e a s e  c o n s u m p t i o n .
On t h e  w h o l e ,  s t u d i e s  on l e n t i l s  h a v e  b e e n  c a r r i e d  o u t  on unknown 
v a r i e t i e s  a n d  t h e r e f o r e  t h e  b e h a v i o u r  o f  l e n t i l  g e n o t y p e s  u n d e r  
d i f f e r e n t  k i n d s  an d  c o n d i t i o n s  o f  p r o c e s s i n g  i s  u n k n o w n .  
F u r t h e r m o r e ,  some s t u d i e s  h a v e  b e e n  b a s e d  o n  s p l i t  l e n t i l s  a n d
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o t h e r s  on w h o l e  s e e d s  (MEINERS e ^  a J . ,  1976 ;  MORCOS et  ^ a l . ,  
1 9 7 6 ) .
The p r e s e n t  s t u d y  w h ich  h a s  i n v e s t i g a t e d  a num ber  o f  p h y s i c a l ,  
n u t r i t i o n a l  and  t e c h n o l o g i c a l  a s p e c t s  o f  f o u r  v a r i e t i e s  o f  
l e n t i l s  ( L en s  e s c u i e n t a  MOENCH) f rom d i f f e r e n t  l o c a t i o n s ,  w i l l  be  
d i v i d e d  i n t o  two S e c t i o n s .
S e c t i o n  1 made up o f  5 c h a p t e r s  w i l l  i n v e s t i g a t e  f a c t o r s  
a s s o c i a t e d  w i t h  t h e  g e r m i n a t i o n  o f  t h e s e  s e e d s ,  w h i l e  S e c t i o n  I I  
(3  c h a p t e r s )  w i l l  be  on t h e  p r o c e s s i n g  o f  l e n t i l  s e e d s .
I n  c h a p t e r  1 t h e  q u a l i t y  o f  d r y  s e e d s  an d  o t h e r  p h y s i c a l  
a t t r i b u t e s ,  e . g .  m o i s t u r e ,  g e r m i n a t i o n  w i l l  be  d i s c u s s e d .  As 
p r e v i o u s l y  m e n t i o n e d ,  i n  E t h i o p i a  and i n  Yemen, t h e  l e n t i l  s e e d s  
a r e  v e r y  s m a l l  and  d a r k  (CUBERO, 1 9 8 1 ) ,  and t h e y  a r e  c o n s i d e r e d  
among t h o s e  c u l t i v a r s  w i t h  low p r o t e i n  c o n t e n t  (SOLH an d  ERSKINE, 
1 9 8 1 ) .  The p r e s e n t  s t u d y  w i l l  a t t e m p t  to  recommend t o  t h e s e  
c o u n t r i e s  b e t t e r  v a r i e t i e s  i n  t e r m s  o f  n u t r i t i v e  v a l u e s ,  s e e d  
w e i g h t  an d  c o o k i n g  p r o p e r t i e s .  I t  w o u l d  t h e n  be p o s s i b l e  t o  
o b t a i n  t h e s e  f rom S p e c i a l i z e d  I n t e r n a t i o n a l  o r g a n i z a t i o n s ,  e . g .  
The I n t e r n a t i o n a l  C e n t r e  f o r  A g r i c u l t u r a l  R e s e a r c h  i n  t h e  Dry 
A r e a s  (ICARDA). I n v e s t i g a t i o n  o f  t h e  f o l l o w i n g  c h e m i c a l  
s u b s t a n c e s  i n  d ry  l e n t i l  s e e d s  a s  w e l l  a s  t h e  e f f e c t  o f  
g e r m i n a t i o n  i n  t h e  d a r k  a n d  i n  t h e  l i g h t  a t  25 C, and i n  t h e  d a r k  
a t  35 C w i l l  be  t h e  theme o f  t h e  f o l l o w i n g  c h a p t e r s  : c h a p t e r  I I ,  
c a r b o h y d r a t e s ;  c h a p t e r  I I I ,  l i p i d s ;  c h a p t e r  IV,  p r o t e i n s ;  and 
c h a p t e r  V, t h e  3 v i t a m i n s ,  v i t a m i n  C, t h i a m i n e  ( v i t .  B ^ ) , and 
r i b o f l a v i n  ( B ^ ) .  The p r e s e n t  s t u d y  w i l l  a t t e m p t  a l s o  t o  a n s w e r  
VANDERSTOEP ( 1 9 8 1 ) ' s  q u e s t i o n  a s  t o  w h e t h e r  t e m p e r a t u r e  o r  l i g h t  
a f f e c t s  t h e  p r o t e i n  c o n t e n t  o f  g e r m i n a t e d  l e n t i l  s e e d s .
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I n  S e c t i o n  I I ,  t h e  e f f e c t  o f  home p r o c e s s i n g  ( s o a k i n g ,  and 
c o o k i n g )  on t h e  same c h e m i c a l  c o n s t i t u e n t s ,  and i m p r o v e m e n t  i n  
t h e  c o o k a b i l i t y  o f  l e n t i l s  by t h e  a i d  o f  s i m p l e  s a l t s  a n d  o t h e r  
c h e m i c a l  compounds  w i l l  be  d i s c u s s e d  i n  c h a p t e r  VI .  I n  c h a p t e r  
V I I ,  t h e  e f f e c t  o f  c a n n i n g  a n d  s t o r a g e  o f  c a n n e d  l e n t i l s  a t  25 
and 35 C on t h e s e  same c h e m i c a l  c o n s t i t u e n t s  o v e r  a t w e l v e  m o n th  
p e r i o d  w i l l  be  d i s c u s s e d ,  w h i l e  c h a p t e r  V I I I  w i l l  i n c l u d e  S c a n n i n g  
E l e c t r o n  M i c r o s c o p y  (SEM) s t u d i e s  o f  t h e  c e l l  c o n t e n t s  o f  l e n t i l s  
s u b j e c t e d  t o  t h e  d i f f e r e n t  t r e a t m e n t s ,  e . g .  g e r m i n a t i o n ,  c o o k i n g ,  
and c a n n i n g .
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S E C T I O N  I
EFFECT OF GERMINATION IN THE DARK AND IN 
THE LIGHT ON THE NUTRIENT COMPOSITION OF DRY
LENTIL SEEDS
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CHAPTER I
p h y s i c a l  a t t r i b u t e s  of  l e n t i l  s e e d s  a nd  the  e f f e c t  of  p r o c e s s i n g
ON THEM 
INTRODUCTION
Legumes h a v e  m a i n t a i n e d  t h e i r  p o s i t i o n  a s  an  i m p o r t a n t  s o u r c e  o f  
s u p p l e m e n t a r y  p r o t e i n .  L e g u m i n o s e a e  c o m p r i s e  a p p r o x i m a t e l y  600 
g e n e r a  w i t h  a r o u n d  1 3 , 0 0 0  s p e c i e s ,  b u t  o n l y  a b o u t  20 a r e  o f  
e c o n o m ic  i m p o r t a n c e  a s  le g u m e  f o o d ,  a n d  a r e  consumed by humans 
(BRESSANI a n d  ELIAS, 1 9 7 4 ) .  KAKADE an d  EVANS ( 1 9 6 5 )  h a v e  f o u n d  
t h a t  c e r t a i n  navy  b e a n  v a r i e t i e s  a r e  h i g h e r  i n  p r o t e i n  t h a n  
o t h e r s ,  a n d  a l s o  t h e y  show d i f f e r e n c e s  i n  m e t h i o n i n e  c o n t e n t .  
ELIAS ^  ( 1 9 6 4 )  h a v e  o n l y  shown a s m a l l  v a r i a t i o n  i n  t h e
g r o s s  c h e m i c a l  c o m p o s i t i o n  a n d  i n  a m in o  a c i d s  o f  e i g h t  v a r i e t i e s  
o f  c o w p e a s . Wi th  a few e x c e p t i o n s ^  t h e  v a r i a b i l i t y  i n  s p e c i f i c  
amino a c i d s  b e t w e e n  s p e c i e s  i s  n o t  g r e a t ,  b u t  t h o s e  s h o w in g  a 
g r e a t  d e a l  o f  v a r i a t i o n  a r e  l y s i n e  a n d  p h e n y l a l a n i n e .
S t u d y i n g  v a r i e t a l  d i f f e r e n c e s  a r e  o f  some i m p o r t a n c e ,  b e c a u s e  
v a r i e t i e s  w h i c h  a r e  r i c h e r  i n  c e r t a i n  n u t r i e n t s  may t h e n  be  
s e l e c t e d .  BRESSANI a n d  ELIAS ( 1 9 7 4 )  h a v e  r e p o r t e d  t h a t  h a r d l y  an y  
r e s e a r c h  h a s  b e e n  c a r r i e d  o u t  on t h e  e v a l u a t i o n  o f  d i f f e r e n c e s  
among l eg u m e  v a r i e t i e s ,  a n d  i n  c a s e s  w h e r e  t h i s  h a s  b e e n  d o n e ,  no 
r e a l  a t t e m p t  h a s  b e e n  made to  r e l a t e  t h e s e  d i f f e r e n c e s  t o  
n u t r i t i o n a l  q u a l i t y .  T h e i r  s i g n i f i c a n c e  to  p r o c e s s i n g  h a s  b e e n  
s t u d i e d  o n l y  t o o  b r i e f l y .
As w e l l  a s  n u t r i t i o n a l  a t t r i b u t e s ,  t h e r e  a r e  a l s o  some p h y s i c a l  
a t t r i b u t e s  o f  t h e  q u a l i t y  o f  t h e  d r y  s e e d s :  t h e s e  i n c l u d e  c o o k i n g  
t i m e ,  u n i f o r m i t y  i n  c o l o u r ,  w e i g h t  a n d  s i z e  o f  t h e  s e e d s  (ELIAS 
e t  a l . ,  1973 ) .
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I n  t h i s  c h a p t e r ,  t h e  f o l l o w i n g  p h y s i c a l  a t t r i b u t e s  o f  f o u r  
v a r i e t i e s  o f  l e n t i l s  w i l l  b e  s t u d i e d  : d r y  w e i g h t ,  c o l o u r ,
m o i s t u r e  c o n t e n t ,  and g e r m i n a t i o n .
T h r o u g h o u t  t h i s  s t u d y ,  f o u r  d i f f e r e n t  v a r i e t i e s  o f  l e n t i l  s e e d s  
o b t a i n e d  f r o m  d i f f e r e n t  l o c a t i o n s  w e r e  u s e d .  The v a r i e t i e s  w e r e  
a s  f o l l o w s  :
1 .  A m e r i c a n  ( C h i l e a n )  a b b .  AMR w e re  o b t a i n e d  f r o m  Athenf,  G e o r g i a ,  
U . S . A . ,
2 .  S y r i a n  s m a l l  a b b .  SML, ( IL L  4 4 0 1 ) ,
3 .  S y r i a n  l a r g e  a b b .  LAG, ( I L L  4 4 0 0 ) ,  an d
4 .  J o r d a n i a n  l a r g e  a b b .  JOR ( I L L  4 3 5 4 ) .  The l a s t  t h r e e  v a r i e t i e s  .
(  I -  H O ctr o i d L /
w e r e  o b t a i n e d  f r o m  ICARDA, A l e p p o ,  S y r i a .  The d r i e d  s e e d s ^ w e r e  
k e p t  i n  c l o s e d  c o n t a i n e r s  a n d  s t o r e d  i n  a c o l d  room (10 C ) .  D r y ,  
u n p r o c e s s e d  s e e d s  w e r e  a l w a y s  u s e d  a s  c o n t r o l s .
1 .  D e t e r m i n a t i o n  o f  d r y  w e i g h t  o f  100 s e e d s
S am p le s  o f  l e n t i l  s e e d s  w e r e  c l e a n e d ,  and t h e  b r o k e n  o n e s  
r e m o v e d .  The s e e d s  w e r e  w e i g h e d  a c c u r a t e l y  ( a b o u t  20 g ) , and t h e  
number  o f  i n d i v i d u a l  s e e d s  w e r e  c o u n t e d .  The w e i g h t  o f  100 s e e d s  
f o r  a l l  f o u r  v a r i e t i e s  w e r e  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  
f o r m u l a  :
w e i g h t  o f  s e e d s  ( g )  x  1 0 0
w e i g h t  o f  100  s e e d s  = ------------------------------------------------
num ber  o f  s e e d s
RESULTS AND DISCUSSION
T a b l e  1 shows t h a t  t h e  d r y  w e i g h t  ( g )  o f  100 s e e d s  f o r  AMR, LAG, 
JOR, and SML a r e  4 . 7 6 ,  7 . 0 5 ,  4 . 1 3 ,  an d  2 . 7 1  g r e s p e c t i v e l y ;  LAG
a r e  t h e  h e a v i e s t ,  w h i l e  SML t h e  l i g h t e s t .
PYLOV ( 1 9 7 8 )  h a s  r e p o r t e d  t h a t  t h e  l a r g e  g r a i n  S o v i e t  l e n t i l  
( P e t r o v s k a y a  4 / 1 0 3  v a r . )  h a s  a  s t a b l e  g r e e n  c o l o u r  a n d  a  w e i g h t
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Table 1: The weight of 100 seeds and m oisture contents
of four varie ties of lentil seeds.
Variety Weight of 100 seed s^ )±  SE Percentage m oisture (g/lOOg)
AMR
LAG
JOR
SML
4.76 (0.13) 
7.05 (0.15) 
4.13 (0.20) 
2.71 (0.07)
9.60 (0.52) 
10.10 (0.45) 
8.50 (0.34) 
8.14 (0.28)
( ) = SE
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o f  5 . 6 g / 1 0 0  s e e d s .  SOLH an d  ERSKINE ( 1 9 8 1 )  h a v e  r e p o r t e d  t h a t  t h e  
w e i g h t  o f  100  s e e d s  i s  s t i l l  an i m p o r t a n t  f a c t o r  o f  q u a l i t y ,  and 
ICARDA h a v e  c h o s e n  a r b i t r a r i l y  f o r  p r a c t i c a l  p u r p o s e s  a  s e e d  
w e i g h t  o f  4 . 5 g / 1 0 0  s e e d s  t o  s e p a r a t e  t h e  m i c r o s p e r m a  f r om  t h e  
m a c r o s p e r m a  a c c e s s i o n s .  A c c o r d i n g  t o  t h e  a b o v e  c l a s s i f i c a t i o n ,  
AMR ( 4 . 7 6 )  an d  LAG ( 7 . 0 5 )  a r e  m a c r o s p e r m a e  w h i l e  JOR ( 4 . 1 3 )  and 
SML ( 2 . 7 1 )  a r e  m i c r o s p e r m a e .
2 .  C o l o u r  o f  s e e d s  ( c o l o u r  c o d e  f o r  l e n t i l s )
The c o l o u r s  o f  t h e  s e e d s  w e r e  c l a s s i f i e d  a c c o r d i n g  t o  t h e  
HORTICULTURAL COLOUR CHART (WILSON, 1 9 3 8 - 4 1 ) .
AMR : Mars o r a n g e 0 1 3 / 1
LAG : S a t u r n  r e d  
C a r r o t  r e d
0 1 3 / 3
0 1 2 / 3
JOR : Mars  O ra n g e
L a v e n d e r  g r e e n
0 1 3 / 3
0 0 0 7 6 1 / 3
SML : D e l f t  Rose
B u r n t  o r a n g e  
Mars  o r a n g e  
J a s p e r  r e d  
A z a l e a  p i n k
0 20 /2
0 1 4 / 2
0 1 3 / 2
0 1 8 / 2
6 1 8 / 2
As c a n  be  s e e n  f r o m  t h e  a b o v e ,  SML shows a  w i d e r  r a n g e  o f  c o l o u r  
w h i l e  AMR i s  m o re  u n i f o r m l y  c o l o u r e d  : w i t h  a l l  f o u r  v a r i e t i e s
s h o w i n g  p r e d o m i n a n t l y  r e d ,  o r a n g e  o r  p i n k .  A p a r t  f rom some s e e d s  
o f  JOR w h i c h  a p p e a r  g r e e n ,  t h e  o t h e r s  do n o t  an d  t h e r e f o r e  do 
n o t  a p p e a r  a s  a s t a b l e  g r e e n  c o l o u r  a s  d i d  t h o s e  o f  t h e  S o v i e t  
v a r i e t y  P e t r o v s k a  (PYLOV, 1 9 7 8 ) .
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3 .  D e t e r m i n a t i o n  o f  m o i s t u r e  c o n t e n t  i n  l e n t i l s
S e v e r a l  m e t h o d s  a r e  a v a i l a b l e  f o r  t h e  d e t e r m i n a t i o n  o f  m o i s t u r e  
i n  f o o d s .  They i n c l u d e  d r y i n g ,  and d i r e c t  d i s t i l l a t i o n  m e t h o d s  
(PEARSON, 1 9 7 6 ) .  D r y i n g  m e t h o d s  a r e  t h e  m o s t  commonly u s e d  a n d  
h a v e  b e e n  u s e d  i n  t h e  p r e s e n t  s t u d y .
P r o c e d u r e
Two g o f  s e e d  pow der  o r  5 g o f  g e r m i n a t e d  s e e d s  w e r e  w e i g h e d  
a c c u r a t e l y  i n  a f l a t - b o t t o m e d  a l u m i n i u m  d i s h  w i t h  l i g h t - f i t t i n g  
s l i p - o v e r  c o v e r .  The s a m p l e  was  p l a c e d  i n  a n  o v en  a t  105 C f o r  5 
h .  A f t e r  t h a t ,  t h e  d i s h  was c o v e r e d ,  t r a n s f e r r e d  t o  a d e s i c c a t o r ,  
and w e i g h e d  s o o n  a f t e r  r e a c h i n g  room t e m p e r a t u r e .  T h i s  w as  
r e p e a t e d  u n t i l  c o n s t a n t  w e i g h t  (AOAC, 1 9 7 5 ) .
C a l c u l a t i o n
The m o i s t u r e  c o n t e n t  o f  t h e  s a m p l e s  was  c a l c u l a t e d  by u s i n g  t h e  
f o l l o w i n g  f o r m u l a  :
L o s s  i n  w e i g h t  o f  s e e d s  x  100
M o i s t u r e  (%) = -------------------------------------------------------
W e i g h t ( g )  o f  s e e d s .
RESULTS AND DISCUSSION
T a b l e  1 shows t h a t  t h e  m o i s t u r e  c o n t e n t  i n  AMR, LAG, JOR, and SML 
w e re  9 . 6 ,  1 0 . 1 ,  8 . 5 ,  an d  8 .1% r e s p e c t i v e l y .  The h i g h  m o i s t u r e
c o n t e n t  o f  legume s e e d s  i s  a  d i s a d v a n t a g e  d u r i n g  t h e  s t o r a g e  o f  
l e g u m e s ,  f o r  a s  m o i s t u r e  c o n t e n t  i n c r e a s e s ,  t h e i r  q u a l i t y  
d e t e r i o r a t e s  r a p i d l y  a s  m i c r o - o r g a n i s m s  c a n  s e v e r e l y  a t t a c k  t h e m .
4 .  S o a k i n g  t i m e  a n d  g e r m i n a t i o n
I n  p r e l i m i n a r y  e x p e r i m e n t s ,  d i f f e r e n t  s o a k i n g  t i m e s  w e r e  t e s t e d .  
A r e l a t i o n s h i p  w as  f o u n d  b e t w e e n  t h e  t e m p e r a t u r e  an d  s o a k i n g
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F i g .  1 .  Raw and canned l e n t i l  s e e d s  o f  the  fou r  v a r i e t i e s  
used i n  th e  p r e s e n t  s tud y
On th e  r ig h t -h a n d  raw s e e d s
On t h e  l e f t - h a n d  canned s e e d s
3 2
Raw and canned seed lentils
canned Raw
AMR
LAG
JOR
SML
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t i m e .  A t  22+1 C, t h e  a p p r o p r i a t e  s o a k i n g  t i m e  w as  3 - 4  h w h i c h  
was u s e d ,  w h i l e  a t  a m b i e n t  t e m p e r a t u r e s  ( 2 3 - 2 7  C)^  t h e  l o n g e r  
t i m e  o f  a b o u t  16 h ,  had a  t e n d e n c y  t o  i n h i b i t  g e r m i n a t i o n  t h r o u g h  
a n a e r o b i o s i s .
5 .  G e r m i n a t i o n  t e c h n i q u e
A b o u t  7 0 - 8 0  g o f  d r y ,  c l e a n  a n d  u n b r o k e n  s e e d s  w e r e  w a s h e d  a n d  
s o a k e d  i n  f i v e  t i m e s  t h e i r  vo lume o f  w a t e r ,  f o r  3 - 4  h .  At  t h e  end 
o f  t h e  s o a k i n g  t i m e ,  t h e  w a t e r  was  d r a i n e d ,  and t h e  s e e d s  w e r e  
w a sh e d  w i t h  f r e s h  w a t e r .  F o r  g e r m i n a t i o n ,  FORDHAM's ( 1 9 7 5 )  m e th o d  
was u s e d .  The s o a k e d  s e e d s  w e r e  s p r e a d  o v e r  p l a i n  c e l l u l o s e  
s p o n g e s ,  w h i c h  w e re  s a t u r a t e d  w i t h  w a t e r ,  and  p l a c e d  i n  c l e a n  
o p aq u e  p l a s t i c  p a n s  ( d i m e n s i o n s  12 x 8 x 3 "  ) .  C h l o r i n a t e d  l i m e  
s o l u t i o n  ( 0 . 0 0 1 - 0 . 0 0 2 % )  was u s e d  t o  i n h i b i t  t h e  g r o w t h  o f  m o l d s .
G e r m i n a t i o n  was  c a r r i e d  o u t  i n  t h e  d a r k  a t  25 C, a t  35 C, a n d  i n  
t h e  l i g h t  a t  25 C. F o r  t h e  d a r k  e x p e r i m e n t s ,  t h e  p an s  w e r e  p l a c e d  
i n  a n  i n c u b a t o r  a t  e i t h e r  25+1 C o r  a t  35+1 C, an d  i n  e a c h  c a s e  
t h e  r e l a t i v e  h u m i d i t y  ( R . H . )  was b e t w e e n  90 an d  92%.
G e r m i n a t i o n  i n  t h e  l i g h t  was  c a r r i e d  o u t  w i t h  t h e  p an s  b e i n g  
p l a c e d  u n d e r  a  b a n k  o f  3 U n i v e r s a l  W h i t e  Mazda 40W lam ps  (1 1 0 0  
l u x )  i n  a  t e m p e r a t u r e - c o n t r o l l e d  i n c u b a t o r ;  t h e  t e m p e r a t u r e  w as  
25+1 C an d  R.H.  was b e t w e e n  85 and  92%.
U nde r  a l l  t h r e e  c o n d i t i o n s ,  t h e  g e r m i n a t e d  s e e d s  w e r e  c o l l e c t e d  
a t  d a i l y  i n t e r v a l s  a n d  up t o  5 d a y s  a f t e r  g e r m i n a t i o n .
D e t e r m i n a t i o n  o f  p e r c e n t  g e r m i n a t i o n
The t e r m  g e r m i n a t i o n  may i n c l u d e  a  f a i r l y  l a r g e  number  o f  
p r o c e s s e s .  F o r  t h e  p u r p o s e  o f  t h i s  w o r k ,  a s e e d  was  a d j u d g e d  t o  
h a v e  g e r m i n a t e d  when t h e  r a d i c a l  h a d  j u s t  b r o k e n  t h e  t e s t a  (MAYER 
an d  POLJOKOFF-MAYBER, 1 9 7 5 ) .  F o r  p e r c e n t  g e r m i n a t i o n ,  a  pan  w as  
s e l e c t e d  a t  random an d  t h e  num ber  o f  g e r m i n a t e d  s e e d s  a n d  t h e
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nu mber  o f  t o t a l  s e e d s  i n  t h a t  pan w e r e  c o u n t e d ,  and p e r c e n t  
g e r m i n a t i o n  was  d e t e r m i n e d .
D e t e r m i n a t i o n  o f  l e n g t h  o f  g e r m i n a t e d  s e e d s
H u n d r e d  s e e d l i n g s  w e r e  s e l e c t e d  a t  ra n d o m .  The l e n g t h  o f  e a c h  one 
was m e a s u r e d  t o  t h e  n e a r e s t  mm.
RESULTS AND DISCUSSION
S e e d s  grow n a t  25 C t h e  d a r k
As ca n  be s e e n  f rom  t a b l e  2 a n d  f i g .  2 ,  t h e r e  i s  h a r d l y  any 
d i f f e r e n c e  b e t w e e n  t h e  m o i s t u r e  c o n t e n t  o f  t h e  f o u r  v a r i e t i e s .  
The m o i s t u r e  c o n t e n t  o f  d r y  s e e d s  o f  AMR, LAG, JOR, and SML a r e  
9 . 6 ,  1 0 . 1 ,  8 . 5 ,  and 8 .1% r e s p e c t i v e l y .  The m o i s t u r e  c o n t e n t
i n c r e a s e s  s h a r p l y  a f t e r  t h e  f i r s t  d ay  of  g e r m i n a t i o n  a n d  t h e n  
t h e r e  i s  a  g r a d u a l  i n c r e a s e  t o  t h e  f i f t h  d a y  ( f i g .  2 ) .
The p e r c e n t  g e r m i n a t i o n  on t h e  f i f t h  d a y  was f o u n d  t o  b e  9 6 ,  9 7 ,
8 8 ,  a n d  87% f o r  AMR, LAG, JOR, an d  SML r e s p e c t i v e l y  ( t a b l e  2 ) .
S e e d s  g rown  a t  25 C j j i  t h e  l i g h t
T a b l e  3 shows t h e  m o i s t u r e  c o n t e n t  o f  s e e d s  g e r m i n a t e d  a t  25 C i n  
t h e  l i g h t .  G e n e r a l l y  t h e  v a l u e s  a r e  l o w e r  t h a n  t h o s e  g e r m i n a t e d  
i n  t h e  d a r k .  On t h e  f i f t h  d a y  o f  g e r m i n a t i o n ,  t h e  m o i s t u r e
c o n t e n t  f o r  AMR, LAG, JOR, an d  SML i s  7 2 ,  6 7 ,  6 5 ,  an d  72%
r e s p e c t i v e l y .
The p e r c e n t  s e e d s  g e r m i n a t e d  i n  t h e  l i g h t  on t h e  f i f t h  d a y  a f t e r  
g e r m i n a t i o n  a r e  9 2 ,  9 0 ,  7 9 ,  a n d  83% r e s p e c t i v e l y  f o r  AMR, LAG, 
JOR, an d  SML ( t a b l e  3 ) .  L i g h t  t h e r e f o r e  d o e s  n o t  a f f e c t  p e r c e n t  
g e r m i n a t i o n .
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Fig. 2; Changes in the moisture content during the germination 
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S e e d s  grown  at: 35 C t h e  d a r k
T a b l e  4 g i v e s  t h e  m o i s t u r e  c o n t e n t s  o f  s e e d s  g e r m i n a t e d  a t  35 C 
i n  t h e  d a r k .  On t h e  f i f t h  d a y  t h e  m o i s t u r e  c o n t e n t  o f  AMR, LAG, 
JOR, an d  SML was 6 0 ,  5 5 ,  6 2 ,  and 61% r e s p e c t i v e l y .
T a b l e  4 a l s o  shows t h e  p e r c e n t  g e r m i n a t i o n  o f  t h e  s e e d s  
g e r m i n a t e d  a t  35 C i n  t h e  d a r k .  On t h e  f i f t h  d a y ,  t h e  p e r c e n t  
g e r m i n a t i o n  o f  AMR, LAG, JOR, and SML was 7 9 ,  8 1 ,  7 1 ,  a n d  68%
r e s p e c t i v e l y .
SAINT-CLAIR ( 1 9 7 2 )  h a s  r e p o r t e d  t h a t  d i f f e r e n t  s i z e s  o f  l e n t i l  
s e e d s  h a v e  a d i f f e r e n t  opt imum t e m p e r a t u r e  : f o r  l a r g e r  and
medium s i z e  s e e d s ,  t h e  op t imum t e m p e r a t u r e  r a n g e s  f rom 1 5 - 2 5  C, 
w h i l e  t h e  s m a l l e r  s e e d  v a r i e t i e s  h a v e  a l o w e r  op t imum t e m p e r a t u r e  
( b e t w e e n  18 a n d  20 C ) .
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CHAPTER II
CARBOHYDRATES
N u t r i e n t  c o m p o s i t i o n  o f  d r y  a n d  g e r m i n a t e d  l e n t i l  s e e d s
INTRODUCTION
L e n t i l s  a r e  an i m p o r t a n t  fo o d  l egum e  c r o p ,  b e c a u s e  of  t h e i r  
r e l a t i v e  h i g h  p r o t e i n  c o n t e n t ,  w h ic h  c a n  r e a c h  30%, and t h e  e a s e  
w i t h  w h ic h  t h e y  a r e  d i g e s t e d .  L e n t i l s  a r e  w i d e l y  c u l t i v a t e d  i n  
t e m p e r a t e  and s u b t r o p i c a l  r e g i o n s .  T h e i r  s u s c e p t i b i l i t y  to  
d i s e a s e s  h a s  t e n d e d  t o  h a n d i c a p  t h e i r  d e v e l o p m e n t  as  a fo o d  
l egume (KAY, 1 9 7 9 ) .  Legumes c o n t a i n  c e r t a i n  n u t r i t i o n a l
i n h i b i t o r s  w h i c h  may c a u s e  p h y s i o l o g i c a l  d i s t u r b a n c e s  when 
consum ed  i n  l a r g e  q u a n t i t i e s .  Among t h e  m a j o r  n u t r i e n t s  a r e  
p r o t e i n s ,  c a r b o h y d r a t e s  an d  v i t a m i n s  ( t a b l e  5 ) .
T a b l e  5 .  C o m p a r a t i v e  fo o d  v a l u e  o f  l e n t i l s  (SAINT-CLAIR,  1 9 7 2 )
C ro p
P r o t e i n
g / l O O g
F a t C a r b o h y d r a t e s
C a l o r i e s  / l O O g
L e n t i l s 2 3 . 7 1 . 2 6 5 . 0 354
Wheat 9 . 3 1 . 9 7 8 . 6 363
R i c e 6 . 5 0 . 4 8 2 . 2 356
L e n t i l s  h a v e  good n u t r i t i o n a l  q u a l i t i e s  a n d  t h e y  c o m p a r e  w e l l  
w i t h  o t h e r  c r o p s ,  e . g .  w h e a t ,  r i c e  ( t a b l e  5 ) .  The p r o t e i n  
d i g e s t i b i l i t y  o f  l e n t i l s  i s  92%, t h e  h i g h e s t  o f  a l l  o t h e r  l eg u m e  
p r o t e i n s  i n v e s t i g a t e d  t o - d a t e  (BRESSANI ^  , 1 9 7 3 ) .  I n  l e g u m e
s e e d s ,  c o t y l e d o n s  c o n t r i b u t e  t h e  l a r g e s t  am ou nt  o f  p r o t e i n
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b e c a u s e  o f  t h e i r  g r e a t e r  w e i g h t ,  w h i l e  s e e d  c o a t s  c o n t a i n  a b o u t  
5% p r o t e i n .  BERRY ( 1 9 8 1 )  h a s  r e p o r t e d  t h a t  a l o w e r  q u a n t i t y  o f  
p r o t e i n  f r o m  a g i v e n  f o o d ,  may a c t u a l l y  be  m o re  n u t r i t i o u s  i f  i t s  
p r o t e i n  i s  i n  a n  e a s i l y  d i g e s t i b l e  f o r m ,  o r  i f  i t  c o n t a i n s  a  good 
b a l a n c e  o f  t h e  n u t r i t i o n a l l y  r e q u i r e d  a m in o  a c i d s .  EVANS and 
BANDEMER ( 1 9 6 7 )  h a v e  s t u d i e d  many l eg u m es  an d  h a v e  f o u n d  t h a t  
m o s t  a r e  d e f i c i e n t  i n  t r y p t o p h a n ,  i n  m e t h i o n i n e ,  o r  i n  o t h e r  
s u l p h u r  am ino a c i d s  c o m p a r e d  t o  t h e  r e f e r e n c e  v a l u e  o f  egg (FAO, 
1 9 5 7 ) .  Most  of  t h e  l e g u m e s  a r e  good s o u r c e s  o f  l y s i n e  an d  may 
t h e r e f o r e  b e  u s e d  a s  s u p p l e m e n t s  t o  l y s i n e - d e f i c i e n t  p r o t e i n s .  
Many s e e d s  i n c l u d i n g  t h e  L e g u m i n o s e a e  c o n t a i n  n o n - p r o t e i n  
n i t r o g e n  w h i c h  may be t o x i c  t o  h i g h e r  a n i m a l s  (BELL, 1 9 7 5 ;  VAN 
ETTEN £it a ^ . , 1967 ) .  MILNER ( 1 9 7 4 )  h a s  e m p h a s i z e d  t h a t  fo o d
leg u m es  s t i l l  h a v e  a l o n g  way t o  go b e f o r e  t h e y  c a n  make a 
n u t r i t i o n a l  i m p a c t  c o m p a r a b l e  t o  t h a t  of  t h e  h i g h  y i e l d i n g  c e r e a l  
v a r i e t i e s ,  e s p e c i a l l y  a s  r e g a r d s  t h e i r  c o n t r i b u t i o n  a s  p r o t e i n  
s o u r c e s .  The t a s k  o f  s u p p l y i n g  m o re  p r o t e i n  t h r o u g h  legume 
g r a i n s ,  more  s p e c i f i c a l l y  t h r o u g h  l e n t i l s  i s  i n  many ways n o t  a s  
d i f f i c u l t  a s  one  may i m a g i n e .  What i s  i n d e e d  r e q u i r e d  i s  t h a t  
m ore  b e  co n s u m ed .
L e n t i l s  a r e  a l s o  a  g o o d  s o u r c e  o f  t h e  B - v i t a m i n s ,  e . g .  n i a c i n ;  
100 g l e n t i l s  p r o v i d e  a b o u t  7% o f  t h e  U . S .  Recommended D a i l y  
A l l o w a n c e  (RDA) (HAYTOWITZ e t  a l . ,  1 9 8 1 ) .  KYLEN and McCREADY
( 1 9 7 5 )  h a v e  r e p o r t e d  t h a t  d r y  l e n t i l s  c o n t a i n  t h i a m i n e ,  
r i b o f l a v i n ,  and v i t a m i n  C i n  t h e  f o l l o w i n g  q u a n t i t i e s  : 0 . 7 2 ,
0 . 2 9 ,  an d  7 mg/ lOOg r e s p e c t i v e l y .  MEINERS ejt £ l . ( 1 9 7 6 )  h a v e
f o u n d  t h e  f o l l o w i n g  q u a n t i t i e s  o f  m i n e r a l s  i n  mg/ lO Og  c o o k e d  
l e n t i l s  ; c a l c i u m ,  7 . 8 ,  c o p p e r ,  0 . 2 ,  an d  i r o n ,  0 . 3 .  F u r t h e r ,  
l e n t i l s  a r e  r i c h  i n  c a r b o h y d r a t e  w h i c h  s u p p l i e s  e n e r g y  i n  t h e  
d i e t .  C e r t a i n  o f  t h e s e  o r g a n i c  s u b s t a n c e s  an d  o t h e r  c h e m i c a l  
n u t r i e n t s  w i l l  be  i n v e s t i g a t e d  i n  t h e  c o u r s e  o f  t h e  p r e s e n t  
s t u d y .
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C h e m i c a l  a n d  B i o c h e m i c a l  c h a n g e s  i n  l e n t i l  s e e d l i n g s
Two d i f f e r e n t  m e t h o d s  a r e  a p p l i e d  t o  c e r e a l s  an d  l e g u m e s  t o  
im p r o v e  t h e i r  n u t r i t i v e  v a l u e s  : g e r m i n a t i o n  an d  f e r m e n t a t i o n .
The f o r m e r  i s  m o re  a d v a n t a g e o u s  t h a n  t h e  l a t t e r  b e c a u s e  i t  i s  
e a s y ,  s i m p l e ,  and q u i c k  t o  p e r f o r m .  The o l d  p r a c t i c e  o f  s p r o u t i n g  
b e a n s  a n d  s o y b e a n s  h a s  b e e n  a d v o c a t e d  a s  a  means  o f  g r e a t l y  
i m p r o v i n g  t h e  n u t r i t i o n a l  w o r t h  o f  many o t h e r  s e e d s  (VANDERSTOEP, 
1 9 8 1 ) .  S p r o u t i n g  o f  s e e d s  f o r  fo o d  u s e  i s  i n c r e a s i n g  i n  
p o p u l a r i t y .  S e v e r a l  k i n d s  o f  s p r o u t s  a r e  s o l d  i n  E a s t e r n  a n d  
W e s t e r n  m a r k e t s  an d  i n c r e a s i n g  am o u n t s  a r e  b e i n g  consumed i n  raw 
o r  co o k e d  f o r m s .  G e r m i n a t e d  l e n t i l  s e e d s  may b e  u s e d  d i r e c t l y  as  
fo o d  (KYLEN ^ . , 1 9 7 5 ;  HSU ^  a l . ,  1 9 8 0 ) ;  and a l s o  g e r m i n a t e d
legu me s e e d s  may be  u s e d  t o  f o r t i f y  w h ea t  f l o u r  (POMERANZ e t  a l . ,  
1 9 7 7 ) .
C h a n g e s  i n  c e r t a i n  n u t r i e n t s  o f  e t i o l a t e d  l e n t i l  s e e d l i n g s  a t  25 
and  a t  35 C o v e r  a p e r i o d  o f  5 d a y s  w i l l  t h e r e f o r e  b e  
i n v e s t i g a t e d  i n  t h e  p r e s e n t  s t u d y .
L i g h t  i s  a n o t h e r  f a c t o r  w h i c h  i m p r o v e s  t h e  n u t r i e n t  c o m p o s i t i o n  
o f  f o o d .  I t  i s  w e l l - k n o w n  t h a t  d i f f e r e n t  p a r t s  o f  p l a n t s  r e a c t  
d i f f e r e n t l y  t o  t h e  same s t i m u l u s ,  f o r  e x a m p l e ,  when c e r t a i n  
e t i o l a t e d  s e e d l i n g s  a r e  i l l u m i n a t e d  t h e  h y p o c o t y l s  s t o p  g r o w t h  
a l m o s t  i m m e d i a t e l y  w h e r e a s  t h e  l e a v e s  s t a r t  t o  grow and e x p a n d .  
I t  w o u l d  h a v e  b e e n  i d e a l  t h e n  t o  s t u d y  t h e  d i f f e r e n t  p a r t s  o f  
l e n t i l  s e e d l i n g s  t o  o b s e r v e  w h a t  h a p p e n s  i n  e a ch  p a r t  a s  a 
r e s p o n s e  t o  l i g h t .  H o w e v e r ,  t h e  l e n t i l  s e e d l i n g s  u s e d  i n  t h i s  
s t u d y  w e r e  made up o f  t h i n  h y p o c o t y l s ,  o f  s m a l l  c o t y l e d o n s ,  and  
o f  v e r y  s m a l l  f i r s t  l e a v e s ,  an d  o f  r a d i c a l s .  F o r  m o s t  b i o c h e m i c a l  
s t u d i e s ,  i t  w as  n o t  c o n v e n i e n t  t o  s e p a r a t e  e a c h  s e e d l i n g  i n t o  i t s  
d i f f e r e n t  p a r t s ,  and s o  t h e  w h o l e  s e e d l i n g  was  e x t r a c t e d  e x c e p t  
w h e re  o t h e r w i s e  s t a t e d .
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Most  o f  t h e  s t u d i e s  c o n c e r n i n g  g e r m i n a t i o n  o f  legume s e e d s  h a v e  
b e e n  c a r r i e d  o u t  i n  t h e  d a r k  a n d  a t  a t e m p e r a t u r e  o f  b e t w e e n  24 
an d  27 C. T h i s  p a r t  o f  t h e  p r e s e n t  s t u d y  w i l l  be  d i v i d e d  i n t o  two
( a )  c h a n g e s  t a k i n g  p l a c e  i n  s e l e c t e d  n u t r i e n t s  o f  l e n t i l s  d u r i n g  
g e r m i n a t i o n  a t  25 C i n  t h e  l i g h t  (1100 l u x ) ,  an d
( b )  c h a n g e s  i n  t h e  same n u t r i e n t s  d u r i n g  g e r m i n a t i o n  a t  35 C i n  
t h e  d a r k ,
A t e m p e r a t u r e  o f  35 C was s e l e c t e d  a s  i t  i s  t h e  a v e r a g e  summer 
t e m p e r a t u r e  o f  c e r t a i n  t r o p i c a l  c o u n t r i e s .  L i g h t  h a s  a l s o  b e e n  
s e l e c t e d  s i n c e  u n d e r  f i e l d  c o n d i t i o n s  i t  i s  one  o f  t h e  m o s t  
i m p o r t a n t  g r o w t h  f a c t o r s ,  a n d  l e n t i l  c r o p s  a r e  u s u a l l y  s u b j e c t e d  
t o  l i g h t  i n t e n s i t i e s  i n  t h e  r e g i o n  o f  1000 l u x  o r  h i g h e r .
As m e n t i o n e d  p r e v i o u s l y ,  VANDERSTOEP ( 1 9 8 1 )  h a s  s t a t e d  t h a t  i t  i s  
s t i l l  n o t  c l e a r  w h e t h e r  t e m p e r a t u r e  o r  l i g h t  a f f e c t e d  t h e  p r o t e i n  
c o n t e n t  o f  g e r m i n a t e d  le g u m e  s e e d s ,  a n d  t h e  p r e s e n t  s t u d y  w i l l  
a t t e m p t  t o  a n s w e r  t h i s  r a t h e r  co m plex  q u e s t i o n .
T h i s  p r e s e n t  c h a p t e r  w i l l  d e a l  w i t h  t h e  c a r b o h y d r a t e s  o f  l e n t i l s ,  
a n d  s u j s e q u e n t  c h a p t e r s  on t h e  o t h e r  n u t r i e n t s  m e n t i o n e d  
p r e v i o u s l y .
CARBOHYDRATES
C a r b o h y d r a t e s  ca n  be d e f i n e d  a s  s u b s t a n c e s  composed o f  p o l y ­
h y d r o x y  a l d e h y d e s  o r  k e t o n e s ,  o r  a s  s u b s t a n c e s  t h a t  y i e l d  t h e s e  
compounds  on h y d r o l y s i s  (HEIMANN, 1 9 8 0 )  . They c a n  be  d i v i d e d  
i n t o  two c l a s s e s  :
1 .  " a v a i l a b l e  c a r b o h y d r a t e s "  w h ich  i n c l u d e  t h o s e  w h i c h  may b e  
u t i l i z e d  by h u m an s ,  e . g .  s t a r c h  a n d  d e x t r i n s ,  a n d  s o l u b l e  s u g a r s ,  
an d
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2 .  " u n a v a i l a b l e  c a r b o h y d r a t e s " ,  e . g .  p e c t i n s  an d  c e l l u l o s e s  w h i c h  
c a n n o t  b e  u t i l i z e d  by humans (SOUTHGATE, 1 9 7 6 ) .
S o l u b l e  s u g a r s
T h i s  g r o u p  i n c l u d e s  m o n o - ,  d i - ,  and o l i g o - s a c c h a r i d e s . 
M o n o s a c c h a r i d e s  a r e  e i t h e r  a l d o s e s  o r  k e t o s e s ,  e . g .  g l u c o s e  o r  
f r u c t o s e  r e s p e c t i v e l y .  D i s a c c h a r i d e s  c o n s i s t  o f  two
m o n o s a c c h a r i d e  u n i t s  w h i c h  a r e  bo u n d  t o g e t h e r  t h r o u g h  a
g l y c o s i d i c  l i n k a g e ,  e . g .  s u c r o s e ,  m a l t o s e .  O l i g o s a c c h a r i d e s  
c o n t a i n  t h r e e  o r  m o re  monomer  u n i t s ,  e . g .  t h e  t r i s a c c h a r i d e ,  
r a f f i n o s e  ( g l u c o s e ,  g a l a c t o s e  and  f r u c t o s e  o r  g a l a c t o s y l s u c r o s e ) , 
and  t h e  t e t r a s a c c h a r i d e , s t a c h y o s e  ( f r u c t o s e ,  g l u c o s e  and two 
g a l a c t o s e  u n i t s  o r  g a l a c t o s y I r a f f i n o s e  ) .  Legumes a r e  r i c h  i n
o l i g o s a c c h a r i d e s ,  e . g .  r a f f i n o s e ,  and s t a c h y o s e  (JOSLYN, 1 9 7 0 ) .  
I n  t h e  p r e s e n t  s t u d y ,  d e t e r m i n a t i o n s  o f  t o t a l  a v a i l a b l e
c a r b o h y d r a t e s ,  s t a r c h e s  a n d  d e x t r i n s ,  and t h e  s o l u b l e  s u g a r s  w i l l  
be c a r r i e d  o u t .
MATERIALS AND METHODS
D e t e r m i n a t i o n  o f  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s
The C l e g g  a n t h r o n e  m e t h o d  (OSBORNE and VOOGT, 1 9 7 8 )
T h i s  m e t h o d  e s t i m a t e s  t h e  am oun t  o f  s t a r c h e s  and d e x t r i n s  
t o g e t h e r  w i t h  s o l u b l e  s u g a r s ,  i . e .  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s .  
The s a m p l e s  a r e  d i g e s t e d  w i t h  p e r c h l o r i c  a c i d ,  t h e n  d e t e r m i n e d  
c o l o r i m e t r i c a l l y  by t h e  a n t h r o n e  m e t h o d .  An a d v a n t a g e  o f  t h i s  
m e t h o d  i s  t h a t  t h e  a n t h r o n e  r e a g e n t  r e a c t s  w i t h  mono- and  o l i g o ­
s a c c h a r i d e s  a n d  t h i s  g i v e s  c o n s i s t e n t  r e s u l t s  (SOUTHGATE, 1 9 7 6 ) .
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R e a g e n t s
1 .  P e r c h l o r i c  a c i d  (52%)
2 .  S u l p h u r i c  a c i d  : 760 mlj^H2S0^ i s  a d d e d  t o  330 ml H2O,
3 .  A n t h r o n e  r e a g e n t  : 0 .1% a n t h r o n e  made up i n  ( 2 ) ,
4 .  G l u c o s e  s t a n d a r d  s o l u t i o n  : 100 mg g l u c o s e  i s  d i s s o l v e d  i n  100 
ml d i s t i l l e d  w a t e r ;  t h e n  10 ml o f  t h i s  a r e  d i l u t e d  w i t h  100 ml 
d i s t i l l e d  w a t e r .
E x t r a c t i o n
One g d r y  pow der  s a m p l e  i s  t r a n s f e r r e d  t o  a 100 ml  m e a s u r i n g  
c y l i n d e r  an d  10 ml  w a t e r  a d d e d .  T h i s  i s  s t i r r e d  t o  d i s p e r s e  t h e  
s a m p l e .  T h i r t e e n  ml o f  52% p e r c h l o r i c  a c i d  i s  a d d e d ,  s t i r r e d  f o r  
20 m i n ,  t h e n  d i l u t e d  t o  100 ml w i t h  w a t e r .  The m i x t u r e  i s  
f i l t e r e d  u s i n g  Whatman No 542 f i l t e r  p a p e r  an d  m ad e  up to  250 ml 
i n  a  v o l u m e t r i c  f l a s k .
D e t e r m i n a t i o n
Ten ml o f  t h e  e x t r a c t  i s  made  up t o  100 ml w i t h  d i s t i l l e d  w a t e r .  
One ml  o f  t h e  d i l u t e d  f i l t r a t e  i s  p i p e t t e d  i n t o  a  t e s t  t u b e ,  and 
1 ml o f  d i l u t e d  g l u c o s e  i n  a n o t h e r .  One ml  o f  w a t e r  i s  p i p e t t e d  
i n t o  a t h i r d  t u b e  an d  u s e d  a s  a  b l a n k .  F i v e  ml a n t h r o n e  r e a g e n t  
( 3 )  a r e  a d d e d  r a p i d l y  t o  e a c h ,  t h e n  s t o p p e r e d  a n d  t h e  c o n t e n t s  
m i x e d .  The t u b e s  a r e  p l a c e d  i n  a b o i l i n g  w a t e r - b a t h  f o r  12 m i n ,  
an d  c o o l e d  t o  room t e m p e r a t u r e .  The a b s o r b a n c e  o f  t h e  s a m p l e s  an d  
o f  t h e  s t a n d a r d  a r e  r e a d  i n  a  s p e c t r o p h o t o m e t e r  (LKB B io c h ro m ,  
Model  ULTROSPEC 4 0 5 0 )  a t  630 nm.
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C a l c u l a t i o n
T o t a l  a v a i l a b l e  c a r b o h y d r a t e s  a r e  c a l c u l a t e d  by u s i n g  t h e  
f o l l o w i n g  f o r m u l a  :
25 X b
T o t a l  a v a i l a b l e  c a r b o h y d r a t e s  ( a s  %) = ----------------------
a X w
w h e re  w = w e i g h t  ( g )  o f  s a m p l e
a = a b s o r b a n c e  of  d i l u t e d  g l u c o s e  s o l u t i o n
b = a b s o r b a n c e  o f  d i l u t e d  s a m p l e .
S t a r c h  a n d  low m o l e c u l a r  w e i g h t  s u g a r s  
The  LUFF-SCHOORL M etho d
P r i n c i p l e
<3-
The s u g a r s  a r e  ex t i n t e d  f r o m  t h e  fo o d  p r o d u c t  by h o t  e t h a n o l ,  
h y d r o l y s e d  i n  a q u e o u s  s o l u t i o n  w i t h  h y d r o c h l o r i c  a c i d  a n d  
d e t e r m i n e d  t i t r i m e t r i c a l l y  a s  g l u c o s e .  S t a r c h e s  a r e  i s o l a t e d  f r o m  
t h e  r e s i d u e  o f  t h e  h o t  e t h a n o l i c  e x t r a c t i o n  a f t e r  t r e a t m e n t  w i t h  
p o t a s s i u m  h y d r o x i d e  s o l u t i o n .  On h y d r o l y s i s ,  s t a r c h  i s  c o n v e r t e d  
t o  g l u c o s e  w h i c h  i s  t h e n  d e t e r m i n e d  t i t r i m e t r i c a l l y .
R e a g e n t s
1 .  S o d iu m  h y d r o x i d e  s o l u t i o n  ( 1 5 0 g / 5 0 0 m l ) ,
2 .  H y d r o c h l o r i c  a c i d  s o l u t i o n  ( I N ) ,
3 .  E t h a n o l i c  p o t a s s i u m  h y d r o x i d e  s o l u t i o n .  25g KOH a r e  d i s s o l v e d  
i n  400  ml  o f  95% ( v / v )  e t h a n o l  an d  d i l u t e d  w i t h  e t h a n o l  t o  500 
m l . ,
4 .  D e p r o t e i n i s i n g  s o l u t i o n  I .  2 6 g p o t a s s i u m  f e r r o c y a n i d e  a r e  
d i s s o l v e d  i n  w a t e r  a n d  d i l u t e d  t o  250 m l . ,
5 .  D e p r o t e i n i s i n g  s o l u t i o n  I I .  1 1 . 4 4 g  z i n c  a c e t a t e  a r e  d i s s o l v e d  
i n  w a t e r .  S i x  ml o f  g l a c i a l  a c e t i c  a c i d  a r e  a d d e d  a n d  t h e  m i x t u r e
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i s  d i l u t e d  w i t h  w a t e r  t o  200 m l . ,
6 .  C o p p e r  r e a g e n t .  3 7 . 5g a n h y d r o u s  s o d iu m  c a r b o n a t e ,  2 4 . 5g sod ium  
h y d r o g e n  c a r b o n a t e ,  3 5 g t r i s o d i u m  c i t r a t e  d i h y d r a t e ,  and  1 2 . 5g 
p o w d e red  c o p p e r  s u l p h a t e  p e n t a h y d r a t e  w e r e  m i x e d  i n  a b e a k e r  an d  
d i s s o l v e d  i n  a b o u t  40 0  ml c o l d  w a t e r ,  s t i r r i n g  c o n t i n u o u s l y .  The 
m i x t u r e  i s  made up  t o  500 ml  w i t h  w a t e r .  The pH a f t e r  a 1 : t o 4 9  
d i l u t i o n  w i t h  f r e s h l y  b o i l e d  w a t e r  s h o u l d  be 1 0 + 0 . 1 ,
7 .  Bromothymol  b l u e  s o l u t i o n .  2g  i n  200 ml  95% e t h a n o l  ( v / v ) ,
8 .  S t a r c h  i n d i c a t o r  s o l u t i o n .  A m i x t u r e  o f  I g  s o l u b l e  s t a r c h ,  1 
mg m e r c u r y  ( I I )  i o d i d e  ( a s  a p r e s e r v a t i v e )  a n d  3 ml  w a t e r  a r e  
a d d e d  t o  100 ml b o i l i n g  w a t e r  an d  t h e  b o i l i n g  c o n t i n u e d  f o r  3 m in  
b e f o r e  c o o l i n g ,
9 .  Sod iu m  t h i o s u l p h a t e  s t a n d a r d  s o l u t i o n  ( O . I N ) .  1 2 . 5g so d iu m  
t h i o s u l p h a t e  (Na2S20g )  an d  O . l g  s o d iu m  c a r b o n a t e  a r e  d i s s o l v e d  i n  
500 ml w a t e r ,
1 0 .  E t h a n o l ,  80%^ ( v / v ) ,
1 1 .  P o t a s s i u m  i o d i d e  s o l u t i o n .  5g p o t a s s i u m  i o d i d e  i s  d i s s o l v e d  
i n  w a t e r  an d  d i l u t e d  t o  50 m l ,
1 2 .  H y d r o c h l o r i c  a c i d  s o l u t i o n ,  6N,
1 3 .  P o t a s s i u m  t h i o c y a n a t e  s o l u t i o n .  lOg p o t a s s i u m  t h i o c y a n a t e  a r e  
d i s s o l v e d  i n  w a t e r  an d  d i l u t e d  t o  50 m l .
P r o c e d u r e
S t a r c h  d e t e r m i n a t i o n
Twenty  g s a m p l e  a r e  w e i g h e d  a n d  t r a n s f e r r e d  t o  a 2 5 0  ml  
c e n t r i f u g e  b o t t l e ,  150 ml o f  80% e t h a n o l  a r e  a d d e d ,  an d  t h e
b o t t l e  c o v e r e d .  A f t e r  h e a t i n g  on a  s t e a m  b a t h  f o r  1 h ,  i t  i s  
c e n t r i f u g e d  f o r  10 m i n .  The s u p e r n a t a n t  i s  d e c a n t e d ,  a n d  t h e
r e s i d u e  c o n t a i n i n g  s t a r c h  i s  w a s h e d  w i t h  50 ml  e t h a n o l  and
c e n t r i f u g e d  f o r  10 m i n .  The r e s i d u e  i s  n e x t  t r a n s f e r r e d  t o  a
b e a k e r ,  an d  300 ml h o t  e t h a n o l i c  p o t a s s i u m  h y d r o x i d e  a d d e d ,  and 
t h e  c o n t e n t s  h e a t e d  o n  a b o i l i n g  w a t e r  b a t h  f o r  1 h .  The s o l u t i o n  
i s  d e c a n t e d  t h r o u g h  Whatman No 542 f i l t e r  p a p e r  a n d  t h e  s t a r c h  
r e s i d u e  i s  w a s h e d  d i r e c t l y  w i t h  h o t  e t h a n o l .  A h o l e  i s  made  i n
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t h e  f i l t e r  p a p e r  an d  t h e  s t a r c h  w a sh e d  t h r o u g h  i n t o  a b e a k e r .  One
h u n d r e d  ml h o t  IN-HCl  i s  a d d e d  a n d  t h e  b e a k e r  p l a c e d  i n  a b o i l i n g
w a t e r  b a t h  f o r  two and a h a l f  h .  The s o l u t i o n  i s  c o o l e d  a n d
pH
n e u t r a l i z e d  t o  a b o u t  1^6.5  w i t h  NaOH ( 1 ) .  The m i x t u r e  i s
t r a n s f e r r e d  t o  a  200  ml f l a s k  a n d  3m1 o f  d e p r o t e i n i s i n g  s o l u t i o n  
I  a d d e d ,  m i x e d ,  3m1 of  d e p r o t e i n i s i n g  s o l u t i o n  I I  a d d e d ,  an d  
d i l u t e d  t o  200 m l .  The m i x t u r e  i s  n e x t  made a l k a l i n e  to
b r o m o th y m o l  b l u e .  A 25 ml a l i q u o t  i s  p i p e t t e d  i n t o  a 250  ml
c o n i c a l  f l a s k ,  25 ml o f  c o p p e r  r e a g e n t  ( 6 )  a r e  a d d e d ,  an d  b o i l e d  
f o r  10 m i n  u n d e r  a c o n d e n s e r .  N e x t ,  t h e  f l a s k  was  c o o l e d ,  5 ml o f  
p o t a s s i u m  i o d i d e  ( 1 1 ) ,  f o l l o w e d  by 20 ml 6N-HC1(12)  a d d e d .  Ten ml 
t h i o c y a n a t e  s o l u t i o n  ( 1 3 )  a d d e d ,  and t h e  l i b e r a t e d  i o d i n e  i s
t i t r a t e d  w i t h  s t a n d a r d  s o l u t i o n  t h i o s u l p h a t e .  When t h e  s o l u t i o n  
becomes p a l e  y e l l o w ,  1 ml s t a r c h  i n d i c a t o r  i s  a d d e d  a n d  t h e  
t i t r a t i o n  c o n t i n u e d  u n t i l  t h e  b l u e  c o l o u r  d i s a p p e a r s .  A b l a n k  
d e t e r m i n a t i o n  i s  c a r r i e d  o u t .
C a l c u l a t i o n
The am oun t  (m l )  o f  O.IN t h i o s u l p h a t e  s o l u t i o n  i s  c a l c u l a t e d  a s
f o i l o w s  :
(Vq - V )  X  T X  1 0 ,
w h e r e ,
V q  = Volume (m l )  o f  s t a n d a r d  t h i o s u l p h a t e  n e e d e d  f o r  b l a n k ,
V = Volume (m l )  o f  s t a n d a r d  t h i o s u l p h a t e  n e e d e d  f o r  t h e
d e t e r m i n a t i o n ,
T = N o r m a l i t y  o f  t h e  s t a n d a r d  t h i o s u l p h a t e  s o l u t i o n .
The c o r r e s p o n d i n g  am o u n t  o f  g l u c o s e  i s  f o u n d  f r o m  t h e  c o n v e r s i o n  
t a b l e  fo u n d  i n  t h e  A p p e n d ix  1 ( p . 3 2 1 ) .  L e t  t h i s  am oun t  i n  mg = g ,
g X 80 X 0 . 9
t h e n ,  t h e  s t a r c h  c o n t e n t  (%) = ------------------------------------
W
( 0 . 9  i s  t h e  f a c t o r  u s e d  t o  c o n v e r t  g l u c o s e  e q u i v a l e n t s  t o  s t a r c h ) ,
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MATERIALS AND METHODS
Q u a l i t a t i v e  a n d  q u a n t i t a t i v e  d e t e r m i n a t i o n s  o f  m o n o - , d i - , an d  
o l i g o - s a c c h a r i d e s  o f  l e n t i l s  by TLC.
E x t r a c t i o n  o f  s u g a r s
SOUTHGATE ( 1 9 7 6 )  h a s  r e p o r t e d  t h a t  t h e  e x t r e m e  s o l u b i l i t y  of  
s o l u b l e  s u g a r s  i n  a q u e o u s  s o l u t i o n s  m akes  t h e s e  t h e  o b v i o u s  
c h o i c e  a s  e x t r a c t i n g  m e d i a .  Most  a n a l y t i c a l  a p p r o a c h e s  f o r  t h e  
e x t r a c t i o n  o f  s u g a r s  h a v e  a t t e m p t e d  t o  combine  t h e  tw i n  
r e q u i r e m e n t s  o f  t h e  c o m p l e t e  e x t r a c t i o n  o f  s u g a r s  a n d  t h e  r e m o v a l  
o f  i n t e r f e r i n g  s u b s t a n c e s  (AOAC, 1 9 7 5 ) .
P r e p a r a t i o n  o f  s a m p l e s
F i v e  g o f  w h o l e  d r y  s e e d s  a r e  t r a n s f e r r e d  t o  a W a r in g  B l e n d e r ,  to  
w h i c h  100 ml 80% e t h a n o l  a r e  a d d e d .  A f t e r  b l e n d i n g  t h e  m i x t u r e  
f o r  2 m i n ,  i t  i s  t r a n s f e r r e d  t o  a 250 ml  r o u n d  b o t t o m  f l a s k  a n d  
e x t r a c t e d  by r e f l u x i n g  f o r  1 h .  The m i x t u r e  i s  a l l o w e d  t o  c o o l ,  
f i l t e r e d ,  an d  t h e  r e s i d u e  w a s h e d  t w i c e  w i t h  100 ml  80% e t h a n o l .  
The e x t r a c t s  a n d  w a s h i n g s  a r e  c o m b i n e d ,  and  c o n c e n t r a t e d  u n d e r  
vacuum a t  48 C.
C l a r i f i c a t i o n  o f  t h e  a l c o h o l  e x t r a c t
To t h e  c o n c e n t r a t e d  a l c o h o l  e x t r a c t ,  1 . 5  ml s a t u r a t e d  l e a d  
a c e t a t e  i s  a d d e d  (AOAC, 197 5;  KLINE ^  a l . ,  1 9 7 0 ) .  The
s u p e r n a t a n t  i s  s e p a r a t e d  by c e n t r i f u g a t i o n .
S t a n d a r d s  f o r  s u g a r  s o l u t i o n s
The s t a n d a r d  s o l u t i o n s  o f  s u c r o s e ,  f r u c t o s e ,  g l u c o s e ,  r a f f i n o s e ,  
an d  s t a c h y o s e  ( a l l  f rom Sigma C h em ica l  C o . ,  S t  L o u i s ,  U . S . A . )  a r e  
e a c h  made t o  a  c o n c e n t r a t i o n  o f  4 mg/ml w i t h  d i s t i l l e d  w a t e r .
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S e p a r a t i o n  o f  s u g a r s
T h i n - l a y e r  p l a t e s  (20 x  20 cm) w e r e  p l a s t i c - b a c k e d ,  and c o a t e d  
w i t h  a l a y e r  o f  0 . 2 5  mm s i l i c a  g e l ,  t y p e  p o l y g r a m  S i l  G, s u p p l i e d  
by M a c h e re y  N a g e l  an d  Co.  L t d . ,  G e rm an y .  The s a m p l e s  a r e  a p p l i e d
as  a s t r e a k  ( 1 . 5  cm w i d e ) ,  and 1 cm a p a r t  an d  2 cm from t h e  l o w e r
e d g e  o f  t h e  p l a t e .  The m e t h o d  u s e d  f o r  t h e  s e p a r a t i o n  o f  s u g a r s
by TLC was c a r r i e d  o u t  a c c o r d i n g  t o  SUGIMOTO and VANBURN ( 1 9 7 0 )
and  t o  TANAKA ^ t  al^. ( 1 9 7 5 ) .  F i v e  p i  o f  ea ch  s a m p l e  of  l e n t i l s  a r e  
a p p l i e d  t o  t h e  p l a t e  w i t h  a m i c r o s y r i n g e ,  a l s o  5 ^ 1  o f  t h e
s t a n d a r d  m i x t u r e  a r e  a p p l i e d .  A p p l i c a t i o n s  a r e  made i n  s m a l l  
i n c r e m e n t s  ( a b o u t  2 p i )  u n d e r  a  s t r e a m  o f  a i r  t o  f a c i l i t a t e  r a p i d  
d r y i n g  a n d  t h u s  t o  m i n i m i z e  s p o t  d i f f u s i o n .
D e v e l o p i n g  s o l v e n t  s y s t e m
T h r e e  s o l v e n t  s y s t e m s  w e r e  u s e d .
1 .  n - P r o p a n o l  : e t h y l  a c e t a t e  : w a t e r  : :  6 : 1 : 3 ( v / v )
2 .  n - B u t a n o l  : e t h y l  a c e t a t e  : i s o p r o p a n o l  : a c e t i c  a c i d  : w a t e r  
: :  35  : 100 : 10 : 35  : 30  ( v / v )
3 .  C h l o r o f o r m  : a c e t i c  a c i d  : w a t e r  : :  3 . 0  : 3 . 5  : 0 . 5  ( v / v ) .
I t  w as  f o u n d  t h a t  t h e  c h l o r o f o r m  s o l v e n t  s y s t e m  ( 3 )  gave t h e  b e s t  
s e ^ ^ a t i o n  a n d  t h i s  w as  u s e d  i n  a l l  s u b s e q u e n t  e x p e r i m e n t s .  
A s c e n d i n g  c h r o m a t o g r a p h y  was c a r r i e d  o u t  a c c o r d i n g  t o  MENZIES ^  
a l . ( 1 9 7 8 ) .  Each  p l a t e  was  r o l l e d  i n t o  a  250 ml  b e a k e r ,  a n d  t h e
b e a k e r  i n v e r t e d  i n  a  c h r o m a t o g r a p h y  t a n k  w h i c h  was t h e n  c l o s e d .  
A t  t h e  en d  o f  t h e  r u n  o f  a b o u t  5 h ,  t h e  p l a t e s  w e r e  d r i e d .
'—I
C o l o u r  r e a c t i o n ^ an d  i d e n t i f i c a t i o n  o f  s u g a r s
D e t e c t i n g  r e a g e n t s  a s  d e s c r i b e d  by DE STEFANIS and PONTE ( 1 9 6 8 )  
w e r e  u s e d .  One g d i p h e n y l a m i n e  an d  1 ml  a n i l i n e  w e r e  d i s s o l v e d  i n
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100 ml  a c e t o n e .  J u s t  b e f o r e  s p r a y i n g ,  10 ml  o f  t h e  a b o v e  s o l u t i o n  
was m i x e d  w i t h  1 ml 85% p h o s p h o r i c  a c i d ,  and  t h e n  t h i s  was  
s p r a y e d  o n  t o  t h e  TLC p l a t e s  w h i c h  w e r e  h e a t e d  a t  130 C f o r  10 
m i n .  At  t h e  end o f  t h e  h e a t i n g  p e r i o d ,  d i f f e r e n t  c o l o u r s  w e r e  
d e v e l o p e d .  F r u c t o s e  a p p e a r s  r o s y - b r o w n ,  g l u c o s e  b l u e - g r e e n ,  
s u c r o s e ,  r a f f i n o s e ,  and s t a c h y o s e  d a r k - g r e y .  The s u g a r s  w e r e  a l s o  
i d e n t i f i e d  by c o m p a r i s o n  w i t h  t h e  a u t h e n t i c  s t a n d a r d s .
Q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  s u g a r s
Q u a n t i t a t i v e  d e t e r m i n a t i o n s  w e r e  made by u s i n g  a  TLC t r a n s m i s s i o n  
d e n s i t o m e t e r .  E ac h  s e r i e s  o f  c h r o m a t o g r a p h i c  z o n e  was  c u t  i n t o  
1 . 5  cm s l i c e s .  The s l i c e s  w e r e  t h e n  s c a n n e d  i n  a C hro m os can  
d o u b l e - b e a m  r e c o r d i n g  a n d  i n t e g r a t i n g  d e n s i t o m e t e r  ( J o y c e - L o e b l  
Co.  L t d . ,  E n g l a n d ) ,  w i t h  q u a r t z  i o d i n e  l i g h t  s o u r c e ,  b l u e  f i l t e r  
( d r i v e  i n  g e a r  r a t i o  was  1 : 1 ) .  The s u g a r s  w e r e  shown a s  a
s e r i e s  o f  p e a k s  on t h e  r e c o r d e r .  The a r e a s  o f  t h e  p e a k s  a r e  
p r o p o r t i o n a l  t o  t h e  am oun t  o f  s u g a r s  o r i g i n a l l y  p r e s e n t .  The a r e a  
o f  e a c h  p e a k  was  d e t e r m i n e d  by m u l t i p l y i n g  t h e  peak  h e i g h t  x  t h e
b an d  w i d t h  a t  h a l f - p e a k  h e i g h t .  S u g a r s  w e r e  d e t e r m i n e d  by
c o m p a r i s o n  w i t h  t h e  s t a n d a r d  s u g a r s  d e v e l o p e d  s i m u l t a n e o u s l y  w i t h  
t h e  s a m p l e s  (JOSLYN, 1 9 7 0 ) ,  and u s i n g  t h e  f o l l o w i n g  f o r m u l a  :
P e a k  a r e a  o f  s t a n d a r d  Amount o f  s u g a r  i n  s t a n d a r d
P e a k  a r e a  o f  s a m p l e  Amount o f  s u g a r  i n  s a m p l e
(FARHANGI, 1 9 8 0 ) .
CARBOHYDRATES OF DRY LENTIL SEEDS
I d e n t i f i c a t i o n  o f  unknown s u g a r s  i n  l e n t i l s
Work t o - d a t e  h ad  i n d i c a t e d  o n l y  t h e  p r e s e n c e  o f  s u c r o s e ,  
s t a c h y o s e ,  an d  r a f f i n o s e  i n  l e n t i l s ;  w h i l e  v e r b a s c o s e  was  
p o s s i b l y  p r e s e n t  (BHATTY an d  SLINKARD, 1 9 7 9 ) .  I n  t h e  p r e s e n t
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s t u d y ,  a  nu m b er  o f  s u g a r s  w e r e  o b s e r v e d  a n d  a n  a t t e m p t  was  made
t o  i d e n t i f y  t h em .
A l l  t h e  v a r i e t i e s  h a v e  n e a r l y  t h e  same number  o f  b e t w e e n  3 an d  4
unknown s u g a r s  on t h e  TLC p l a t e s  : o n e  i s  a b o v e  s u c r o s e  ( 1 ) ;  t h e
s e c o n d  i s  b e t w e e n  s u c r o s e  and r a f f i n o s e  ( 2 ) ;  t h e  t h i r d  i s  a b o v e
s t a c h y o s e  b u t  b e l o w  r a f f i n o s e  ( 3 ) ;  w h i l e  t h e  f o u r t h  i s  b e lo w  
s t a c h y o s e  ( 4 )  ( f i g .  3 ) .  S t a n d a r d  s o l u t i o n s  o f  t h e  f o l l o w i n g  
s u g a r s  (4 m g /m l )  o b t a i n e d  f r o m  BDH C h e m i c a l s ,  P o o l e ,  E n g l a n d  w e r e  
p r e p a r e d  : 1 .  r h a m n o s e ,  3 .  x y l o s e ,  4 .  r i b o s e ,  5 .  a r a b i n o s e ,
6 . c e l l o b i o s e ;  a s  w as  2 .  d i g i t o s e  o b t a i n e d  f r o m  Sigma C h e m i c a l  
C o . ,  S t  L o u i s ,  U .S .A .  ( f i g .  4 ) .
TLC was c a r r i e d  o u t  a s  d e s c r i b e d  on  p .  50 • Rf  v a l u e s  d e f i n e d  a s
f o l l o w s  w e r e  u s e d  i n  p r e l i m i n a r y  i d e n t i f i c a t i o n s  :
d i s t a n c e  t r a v e l l e d  by s u g a r  f rom t h e  s t a r t i n g  l i n e  x  100
Rf = -----------------------------------------------------------------------------------------------------------
d i s t a n c e  t r a v e l l e d  by s o l v e n t  f rom t h e  s t a r t i n g  l i n e
Rf  v a l u e s  a r e  c a l l e d  m o b i l i t i e s ,  a s  a r e  R g l u  v a l u e s  (SOUTHGATE, 
1976 ;  STAHL and KALTENBACH, 1 9 6 5 ) .
Fig. 3: TLC separation of mono-, di-;and oligo-saccharides (soluble sugars)
in dry seeds of four varieties of lentils.
5 = Fructose, 6 = Glucose, 7 = Sucrose, 8 = Raffinose,
9 = Stachyose
1, 2, 3 6c 4 are unidentified sugars 
A = Mixture of standard sugars
B = AMR seeds, C = LAG seeds, D = SML seeds, E = JOR seeds
Developing solvent: Chloroform-acetic acid-water 
( 3.0 : 3.5 : 0.5 , V/V )
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T a b l e  6 .  R f  v a l u e s  o f  some s t a n d a r d ,  an d  unknown s u g a r s  f rom 
l e n t i l s  ( f i g .  4 )  i n  c h l o r o f o r m  : a c e t i c  a c i d  : w a t e r  : : 3 . 0  : 3 . 5  
: 0 . 5  .
S t a n d a r d  S u g a r s  Rf v a l u e Unknown S u g a r s Rf v a l u e
D i g i t o s e 66 Unknown 1 63
Rhamnose 53
R i b o s e 50
X y l o s e 46
A r a b i n o s e 40 Unknown 2 19
C e l l o b i o s e 16 Unknown 3
Unknown 4
From t a b l e  6 ,  unknown 1 h a s  a n  Rf b e t w e e n  t h a t  of  d i g i t o s e  (R f  
6 6 )  an d  t h a t  o f  r h a m n o s e  (R f  5 3 ) .  The Rf  o f  unknown 2 (R f  1 9 )  i s  
v e r y  c l o s e  t o  t h a t  o f  c e l l o b i o s e  (R f  1 6 ) ,  a n d  t h e r e f o r e  may be  
c e l l o b i o s e .
M a n n i n o t r i o s e  was  p r e p a r e d  f r o m  s t a c h y o s e  (Sigma C h e m i c a l  C o . )  
e i t h e r  by a c i d  h y r o l y s i s  (JOSLYN, 1 9 7 0 )  o r  by enzyme h y d r o l y s i s  
(FORD, 1 9 7 9 ) .  H y d r o l y s i s  o f  s t a c h y o s e  y i e l d s  f r u c t o s e  an d  
m a n n i n o t r i o s e  ( s p o t  3 ,  f i g .  5 ) .  B o th  a c i d  a n d  enzyme h y d r o l y s e d  
s a m p l e s  w e r e  ru n  on TLC ( p . 5 6  ) and a l s o  c o —c h r o m a t o g r a p h y  was 
c a r r i e d  o u t .  From f i g .  5 ,  i t  can  be s e e n  t h a t  a c i d  h y d r o l y s i s  ( E )  
g i v e s  m o r e  m a n n i n o t r i o s e  ( f i g .  5 ,  s p o t  3 )  a n d  t h i s  t e c h n i q u e  w as  
u s e d  t o  o b t a i n  p u r e  m a n n i n o t r i o s e .  S p o t  3 i s  t h e r e f o r e  
m a n n i n o t r i o s e ,  an d  f u r t h e r  s p o t  2 was  i d e n t i f i e d  a s  c e l l o b i o s e
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F i g .  4: TLC f o r  i d e n t i f i c a t i o n  o f  unknown s u g a r s  i n  dry s e e d s  of  
l e n t i l s  v a r i e t i e s
5= F r u c t o s e ;  6= G lu c o s e ;  7 = S u c r o s e ;  8 = R a f f i n o s e ;  9= S t a c h y o s e  
I n i t i a l l y  1 ,  2 ,  3 and w ere  unknown, but  l a t e r  2 and 3 were
i d e n t i f i e d  a s  c e l l o b i o s e  and m a n n i n o t r i o s e  r e s p e c t i v e l y
A= M ix t u r e  and s t a n d a r d s  s u g a r s ;  B= M ix t u r e  o f  s t a n d a r d  r i b o s e  
and rhamnose;  C= AMR s e e d s ;  D= LAG s e e d s ;  E= X y l o s e ;  F= Rhamnose; 
G= R ib os e ;  H= A r a b i n o s e ;  1= C e l l o b i o s e ;  K= D i g i t o s e
F i g .  5: TLC i d e n t i f i c a t i o n  o f  uraknown s u g a r s
5= X y l o s e ;  6= F r u c t o s e ;  7= G l u c o s e ;  8=  S u c r o s e ;  9= C e l l o b i o s e ;  
10= M e l l i b i o s e ;  11= R a f f i n o s e ;  12= S t a c h y o s e ;  3= M a n n i n o t r i o s e
A= M i x t u r e  o f  above  s t a n d a r d  s u g a r s ;  B= AMR s e e d s ;  C= LAG s e e d s ;  
D= Enzymic h y d r o l y s i s  o f  s t a c h y o s e ;  E= A c id  h y d r o l y s i s  o f  
s t a c h y o s e ;  F= St a n d a rd  c e l l o b i o s e ;  G= Enzymic h y d r o l y s i s  o f  AMR 
s e e d s ;  H= A c i d  h y d r o l y s i s  o f  AMR s e e d s ;  1= AMR s e e d s  + 
c e l l o b i o s e  ( c o - c h r o m a t o g r a p h y  o f  c e l l o b i o s e )
5 6
m
Fi g . 4
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( f i g .  5 ) .  The Rf o f  unknown 2 (R f  1 9 ,  f i g .  4 )  i s  v e r y  c l o s e  t o  
t h a t  o f  c e l l o b i o s e  (Rf  1 6 ) ,  a n d  c o - c h r o m a t o g r a p h y  shows i t  t o  b e  
c e l l o b i o s e  ( f i g . 5 ,  s p o t  2 ) .
Q u a n t i  t a t i v e  d e t e r m i n a t i o n  o f  c e l l o b i o s e  a n d  m a n n i n o t r i o s e
A s t a n d a r d  s o l u t i o n  o f  c e l l o b i o s e  was  p r e p a r e d  a n d  d e t e r m i n e d  
u s i n g  t h e  TLC m e t h o d  a l r e a d y  o u t l i n e d  on  p.  ^9 .
T h e r e  was  h o w e v e r ,  a p r o b l e m  i n  o b t a i n i n g  p u r e  m a n n i n o t r i o s e  a s  
i t  i s  n o t  a v a i l a b l e  c o m m e r c i a l l y .  The f o l l o w i n g  m e t h o d  was  
t h e r e f o r e  u s e d  t o  i s o l a t e  m a n n i n o t r i o s e ,  an d  t h u s  t o  o b t a i n  a 
s t a n d a r d  s o l u t i o n  o f  t h i s  s u g a r .
A c i d - h y d r o l y s e d  s t a c h y o s e  was  r u n  on TLC, a n d  m a n n i n o t r i o s e  w as  
s e p a r a t e d  a s  p r e v i o u s l y  d e s c r i b e d  ( p . 6 9 ) ,  s c r a p e d ,  an d  c o l l e c t e d  
i n  a t e s t  t u b e ,  when 30 ml  o f  80% e t h a n o l  was a d d e d .  A f t e r  l e f t  
s t a n d i n g  f o r  1 h w i t h  o c c a s i o n a l  s h a k i n g ,  t h e  e l u a t e  was  f i l t e r e d  
t h r o u g h  g l a s s  w o o l .  The a l c o h o l  m i x t u r e  was  r e d u c e d  t o  n e a r  
d r y n e s s  i n  a r o t a r y  e v a p o r a t o r ,  u n d e r  r e d u c e d  p r e s s u r e ,  
t r a n s f e r r e d  t o  an e v a p o r a t i n g  d i s h ,  a n d  d r i e d  u n d e r  a  s t r e a m  o f  
a i r .  S u f f i c i e n t  m a t e r i a l  was t h e n  a v a i l a b l e  t o  p r e p a r e  t h e  
s t a n d a r d  s o l u t i o n  o f  m a n n i n o t r i o s e .
I n  a l l  t h e  f o u r  v a r i e t i e s  o f  l e n t i l s ,  c e l l o b i o s e  was  f o u n d  i n  
t r a c e  a m o u n t s .  I n  AMR, LAG, JOR, a n d  SML m a n n i n o t r i o s e  w a s  f o u n d  
t o  b e  0 . 1 5 ,  0 . 1 1 ,  0 . 1 0 ,  an d  0 . 1 7  g/ lO Og r e s p e c t i v e l y  ( t a b l e  7 ,  p .  
5 8 ) .  C e l l o b i o s e  a n d  m a n n i n o t r i o s e  w i l l  n o t  b e  i n c l u d e d  i n  
s u b s e q u e n t  s t u d i e s  a s  t h e s e  two s u g a r s  a r e  p r e s e n t  i n  s u c h  s m a l l  
q u a n t i t i e s .  S o ,  t h e  m o re  a b u n d a n t  s u g a r s  ( i n c l u d i n g  s u c r o s e ,  
s t a c h y o s e ,  r a f f i n o s e )  o n l y  w i l l  b e  d i s c u s s e d  i n  t h e  p r e s e n t  
s t u d y .
I n  p r e l i m i n a r y  e x p e r i m e n t s ,  t h e  L u f f - S c h o o r l  m e t h o d  o f  e s t i m a t i n g  
s t a r c h  was  u s e d .  The q u a n t i t a t i v e  v a l u e  o b t a i n e d  f o r  t h e  l a t t e r  
was  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( a t  t h e  5% l e v e l )  f r om  t h o s e
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Table 7: Cellobiose and m anninotriose of lentil varie ties
The results are expressed as g/IOOg dry weight.
Variety C ellobiose M anninotriose TOTAL
AMR T 0.15 0.15
(0.04)
LAG T 0.11 0.11
(0 .02)
JOR T 0.10 0.10
(0.02)
SML T 0.17 0.17
(0.03)
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o b t a i n e d  by t h e  s u b t r a c t i o n  o f  v a l u e s  f o r  s o l u b l e  s u g a r s  f rom  
t o t a l  a v a i l a b l e  c a r b o h y d r a t e s .  V a l u e s  f o r  s t a r c h  + d e x t r i n s  i n  
t h e  p r e s e n t  s t u d y  w e re  t h e r e f o r e  o b t a i n e d  by t h i s  m e a n s .
Q u a n t i f i c a t i o n
A l l  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a t  l e a s t  f o u r  t i m e s .  The r e s u l t s  
w h e r e v e r  a p p r o p r i a t e  a r e  e x p r e s s e d  a s  x  + S . E . , w h e r e  x  i s  t h e  
mean o f  f o u r  r e p l i c a t e s ,  and S . E .  t h e  s t a n d a r d  e r r o r  of  t h e  m e a n .
A l l  % r e t e n t i o n s  g i v e n  i n  t h e  t a b l e s  r e p r e s e n t  i n c r e a s e s  o r  
d e c r e a s e s  c o m p are d  t o  d r y ,  u n p r o c e s s e d  s e e d s .
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RESULTS AND DISCUSSION
T a b l e  8 shows t h a t  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  i n  AMR, LAG, JOR, 
and SML a r e  5 1 . 1 1 ,  4 9 . 2 3 ,  4 7 . 1 4 ,  and 4 6 . 8 1 g / 1 0 0 g  d r y  w e i g h t
r e s p e c t i v e l y .
The s t a r c h e s  a n d  d e x t r i n s  i n  AMR, LAG, JOR, an d  SML a r e  4 8 . 6 2 ,  
4 6 . 2 6 ,  4 3 . 8 8 ,  and 4 4 . 2 5 g / 1 0 0 g  r e s p e c t i v e l y ;  s o l u b l e  s u g a r s  a r e  
2 . 4 9 ,  2 . 9 7 ,  3 . 2 6 ,  and  2 . 5 6 g / 1 0 0 g  r e s p e c t i v e l y  ( t a b l e  8 ) .
The r e s u l t s  f o r  s o l u b l e  s u g a r s  ( t a b l e  $ ) a r e  s l i g h t l y  h i g h e r  t h a n  
t h o s e  o b t a i n e d  by BHATTY an d  SLINKARD ( 1 9 7 9 )  o f  a b o u t  2% i n  t h e i r  
v a r i e t i e s  L a i r d  a n d  T e k o a .  The h i g h  c o n t e n t  o f  t o t a l  a v a i l a b l e  
c a r b o h y d r a t e s  m akes  l e n t i l s  a go od  s o u r c e  o f  e n e r g y .
M o n o - , d i - , an d  o l i g o -  s a c c h a r i d e s  o f  t h e  f o u r  l e n t i 1 v a r i e t i e s
I n  t h e  p r e s e n t  s t u d y ,  t h e  f o l l o w i n g  s u g a r s  w e r e  i d e n t i f i e d  i n  t h e  
f o u r  v a r i e t i e s  o f  l e n t i l  s e e d s  : s u c r o s e ,  s t a c h y o s e ,  r a f f i n o s e ,
c e l l o b i o s e ,  an d  m a n n i n o t r i o s e .  S t a c h y o s e  a n d  s u c r o s e  w e r e  t h e  
m a j o r  s u g a r s ,  w h i l e  r a f f i n o s e ,  m a n n i n o t r i o s e  and c e l l o b i o s e  w e r e  
t h e  m i n o r  o n e s  ( f i g .  3 ) .
M o n o s a c c h a r i d e s
N e i t h e r  f r u c t o s e ,  n o r  g l u c o s e  was  p r e s e n t  i n  d r y  s e e d s .  
D i s a c c h a r i d e s
T a b l e s  9 a n d  10 show t h a t  s u c r o s e  i n  AMR, LAG, JOR, an d  SML i s  
0 . 6 3 ,  1 . 2 9 ,  1 . 1 8 ,  and 0 . 9 7 g / 1 0 0 g  r e s p e c t i v e l y .
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O l i g o s a c c h a r i d e s
R a f f i n o s e  i n  AMR, LAG, JOR, an d  SML i s  0 . 2 6 ,  0 . 1 9 ,  0 . 1 5 ,  and  
0 . 2 8 g / 1 0 0 g ,  w h i l e  s t a c h y o s e  i s  1 . 4 5 ,  1 . 3 8 ,  1 . 8 3 ,  and 1 . 1 4 g / 1 0 0 g  
r e s p e c t i v e l y .  The r a t i o  o f  s (# . c h y o s e  to  s u c r o s e  v a r i e s  f rom  o n e  
v a r i e t y  t o  a n o t h e r ,  b e i n g  2 . 3 : 1 ,  1 . 7 : 1 ,  1 . 6 : 1 ,  an d  1 . 2 : 1  f o r  AMR, 
LAG, JOR, an d  SML r e s p e c t i v e l y  ( t a b l e s  9 a n d  1 0 ) .  R a f f i n o s e  i s  
p r e s e n t  i n  s m a l l  am oun ts  com p ar ed  t o  s u c r o s e  and t o  s t a c h y o s e .
The n o n - i d e n t i f i c a t i o n  o f  g l u c o s e  and f r u c t o s e  a g r e e s  w i t h  
r e s u l t s  o b t a i n e d  by BHATTY and SLINKARD ( 1 9 7 9 )  who h a v e  r e p o r t e d  
t h a t  no  g l u c o s e  was  f o u n d  i n  t h e i r  two v a r i e t i e s  o f  l e n t i l s  
( L a i r d  and  T e k o a ) .  F r u c t o s e  was  n o t  i d e n t i f i e d  i n  p i n k  b e a n s  
(SILVA and LUH, 1 9 7 9 ) ;  and a l s o  s o y b e a n s  c o n t a i n  n e i t h e r  g l u c o s e  
n o r  f r u c t o s e  (EAST ^  , 1 9 7 2 ) .
The f o u r  l e n t i l  v a r i e t i e s  i n v e s t i g a t e d  h e r e  w e r e  found  t o  c o n t a i n  
m or e  s t a c h y o s e  t h a n  s u c r o s e .  T h e s e  f i n d i n g s  a g r e e  w i t h  t h o s e  of  
JOSLYN ( 1 9 7 0 )  who f o u n d  t h a t  d r y  l e n t i l s  o f  u n s p e c i f i e d  v a r i e t y  
h a d  m o r e  s t a c h y o s e  t h a n  s u c r o s e .
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Table 9; Changes in mono-, di- and oligo-saccharides of AMR 
and LAG varie ties of len til, during germ ination in the 
dark a t 25°C
The results are expressed as g/lOOg dry weight.
Days of FRU GLU s u e RAF STA TOTAL
germin.
AMR
Control 0 .0 0
0 .0 0 0.63 0 .26 1.45 2.34 (0.15)
1 0.32 0.25 1.08 0.19 0.78 2.62 (0 .2 1 )
2 0.67 0.58 1.67 0.14 0.35 3.41 (0.11)
3 1 .1 0 1 .2 2 1.81 T 0.17 4.30 (0.17)
4 1.64 1.95 2.06 0 .0 0 T 5.65  (0.15)
5 2.26 2.75 2.31 0 .0 0 0 .0 0 7.32 (0.18)
LAG
Control 0 .0 0 0 .0 0
1.29 0 .19 1.38 2 .8 6  (0 . 12 )
1 0.30 0.49 1.77 0 .07 0.90 3 .5 3  (0 .2 0 )
2 0 .80 0.63 1.93 T 0.61 3.97 (0.25)
3 1.32 0.94 2.17 0 .0 0 0.25 4.68 (0.13)
4 1.51 1.45 2.35 0 .0 0 0 .0 0 5.31 (0.14)
5 1.83 2.15 2.73 0 .0 0 0 .0 0 6.71 (0.30)
( ) = SE 
T = Traces
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Table 10: Change in mono-, di- and oligo-saccharides of JOR and
SML varie ties of lentil during germ ination in the dark 
a t 25°C.
The results are expressed as g/lOOg dry weight.
Days of
germin. FRU GLU s u e RAF STA TOTAL
JOR
Control
or
o
0 .0 0 0 .0 0 1.18 0 .1 5 1.83 3.16 (0.18)
1 0.39 0.48 1.75 0 .08 1.15 3 .85 (0.23)
2 0.52 0 .79 2 .21 T 0 .6 8 4 .20 (0.28)
3 0.87 1 .2 0 2.43 0 .0 0 0.27 4.77 (0.16)
4 1.57 1.85 2 .6 8 0 .0 0 T 6.10 (0.19)
5 2 .60 2.60 2.91 0 .0 0 0 .0 0 8.11 (0.25)
SML
Control
or
o
0 .0 0 0 .0 0 0.97 0 .28 1.14 2.39 (0 .13)
1 0.61 0 .55 1.23 0 .1 0 0 .6 8 3.17 (0.15)
2 0 .93 1.08 1.46 T 0 .49 3.96 (0 .18)
3 1.45 1.58 1.81 0 .0 0 0 .23 5.07 (0 .12)
4 2 .18 1.98 2.27 0 .0 0 T 6.43 (0 .24)
5 2 .45 2 .6 8 2.47 0 .0 0 0 .0 0 7.60 (0 .16)
( ) = SE 
T = Traces
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G e n e r a l  I n t r o d u c t i o n
C h an g e s  i n  c a r b o h y d r a t e s  d u r i n g  g e r m i n a t i o n  i n  t h e  d a r k
TSAI ^  a_l. ( 1 9 7 5 )  h a v e  r e p o r t e d  t h a t  a t  t h e  end  o f  f i v e  d a y s
g e r m i n a t i o n  o f  m a i z e  s e e d s ,  r e d u c i n g  s u g a r s  i n c r e a s e d  6 0 - f o l d ,  
w h i l e  s t a r c h  d e c r e a s e d  by a b o u t  30%. D u r i n g  g e r m i n a t i o n  o f
s o y b e a n s ,  r a f f i n o s e  d i s a p p e a r e d  a f t e r  96 h and s t a c h y o s e  a f t e r  
144 h o f  g e r m i n a t i o n  (EAST ^  £ l _ . , 1 9 7 2 ) .  MAYER an d  POLJAKOFF-
MAYBER ( 1 9 7 5 )  h a v e  r e p o r t e d  t h a t  c h a n g e s  t h a t  o c c u r  i n  s e e d
c a r b o h y d r a t e s  i n c l u d e  t h e  b r e a k i n g  down o r  t h e  i n t e r c o n v e r s i o n  o f  
t h e s e  c a r b o h y d r a t e s .  They  h a v e  a l s o  r e p o r t e d  t h a t  s t a r c h  i s  
n o r m a l l y  b r o k e n  down by a m y l a s e s ,  an d  when a m y l o p e c t i n  i s  
a t t a c k e d  d e x t r i n s  a r e  f o r m e d ,  when i t  i s  a m y l o s e ,  t h e  m o l e c u l e  i s  
b r o k e n  down m o re  o r  l e s s  c o m p l e t e l y .  A m y l o p e c t i n  h o w e v e r ,  i s  
b r o k e n  down p r e f e r e n t i a l l y .  MAYER and POLJAKOFF-MAYBER ( 1 9 7 5 )  
a l s o  a d d e d  t h a t  s u c r o s e  may be  fo rm e d  a s  a r e s u l t  o f  r a f f i n o s e  
b r e a k d o w n .
C h a n g e s  i n  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s , s t a r c h e s ,  an d  s o l u b l e  
s u g a r s  o f  l e n t i l s  d u r i n g  g e r m i n a t i o n  a t  25 ija t h e  d a r k
C h an g e s  i n  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s
T h e r e  w as  a d e c r e a s e  i n  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  o f  a l l  f o u r  
v a r i e t i e s  d u r i n g  g e r m i n a t i o n ,  t h e  d e c r e a s e  i n  t o t a l  a v a i l a b l e  
c a r b o h y d r a t e s  f o r  a l l  f o u r  v a r i e t i e s  a r e  a s  f o l l o w s  : AMR from
5 1 . 1  t o  3 8 . 0  ( 2 6 % ) ,  LAG f r o m  4 9 . 2  t o  3 8 . 6  ( 2 1 % ) ,  JOR from 4 7 . 1  t o
4 0 . 1  (1 5 % ) ,  an d  SML from 4 7 . 8  t o  3 9 . 4 g / 1 0 0 g  (16%) ( t a b l e  8 , p .  
01 ) •
C h a n g e s  i n  s t a r c h e s  an d  d e x t r i n s
T h e r e  was  a d e c r e a s e  i n  s t a r c h e s  a n d  d e x t r i n s  i n  a l l  f o u r
v a r i e t i e s  d u r i n g  g e r m i n a t i o n .  T a b l e  8 , P* 6 1 shows t h a t  t h e
d e c r e a s e  i n  s t a r c h e s  a n d  d e x t r i n s  w as  a s  f o l l o w s  : f o r  AMR from
4 8 . 6  t o  3 0 . 7  (3 7% ),  LAG 4 6 . 3  t o  3 1 . 9  (3 1% ),  JOR 4 3 . 9  t o  3 1 . 9
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(2 5% ),  an d  SML 4 4 . 2  t o  3 1 . 7 g / 1 0 0 g  ( 2 8 % ) .
The r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  PALMIANO an d  JULIANO 
( 1 9 7 2 )  who h a v e  r e p o r t e d  a 33% d e c r e a s e  i n  g e r m i n a t e d  r i c e  on t h e  
t h i r d  d a y ,  and w i t h  t h o s e  o f  TSAI ^  ( 1 9 7 5 )  who h a v e  r e p o r t e d
a b o u t  50% d e c r e a s e  i n  5 - d a y  o l d  g e r m i n a t e d  e t i o l a t e d  m a i z e  
s e e d l i n g s .  A l o w e r  v a l u e  o f  a d e c r e a s e  o f  a b o u t  14% i n  mung b e a n s  
h a s  b e e n  r e p o r t e d  by AMAN ( 1 9 7 9 )  and by FARHANGI ( 1 9 8 0 ) .  The 
s t a r c h  o f  g e r m i n a t e d  le g u m e  s e e d s  d e c r e a s e s  i n  p a r a l l e l  w i t h  
i n c r e a s e s  i n  r e d u c i n g  s u g a r s  (HSU, 1 981)  and t h e s e  may be  b r o u g h t  
a b o u t  t h r o u g h  t h e  a c t i o n  o f  enzymes (SILVA and LUH, 1979;  
AKAZAWA, 1 9 7 6 ) .  S u c r o s e - s t a r c h  i n t e r c o n v e r s i o n  p r o c e s s e s  h a v e  
a l s o  b e e n  o b s e r v e d  i n  d e v e l o p i n g  c e r e a l  s e e d s  (AKAZAWA, 1 9 7 6 ) .
C h an g es  i n  s o l u b l e  s u g a r s
T a b l e  8 ( p .  61 ) shows t h a t  d u r i n g  g e r m i n a t i o n ,  t h e r e  was  an
i n c r e a s e  i n  t h e  e t h a n o l - s o l u b l e  s u g a r s  i n  a l l  f o u r  v a r i e t i e s .  
E t h a n o l - s o l u b l e  s u g a r s  i n c r e a s e d  f r o m  2 . 5  t o  7 . 3  ( 1 9 2 % ) ,  f rom 2 . 9  
t o  6 . 7  (1 3 3 % ) ,  f rom 3 . 2  t o  8 . 1  ( 153% ) ,  and f r o m  2 . 5  to  7 . 6 g / 1 0 0 g  
(204%) i n  AMR, LAG, JOR, and  SML r e s p e c t i v e l y .  SML h a s  t h e  
h i g h e s t  i n c r e a s e ,  w h i l e  LAG t h e  l o w e s t .
T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  ABRAHAMSEN an d  SUDIA 
( 1 9 6 6 )  who h a v e  r e p o r t e d  a n  i n c r e a s e  i n  t h e  s o l u b l e  s u g a r s  o f  
g e r m i n a t e d  s o y b e a n s ,  an d  o f  PALMIANO and JULIANO ( 1 9 7 2 )  an 
i n c r e a s e  i n  t h o s e  o f  5 d a y - o l d  g e r m i n a t e d  r i c e  s e e d l i n g s .
C h an g es  i n  m o n o - , d i - ,  a n d  o l i g o - s a c c h a r i d e s  d u r i n g  g e r m i n a t i o n
£ t  ^  C m  t h e  d a r k
Monosaccharides
There was a su b stan tia l  increase in both glucose and fru c to se  of 
the four v a r ie t ie s  of germinating l e n t i l s  s ince they were not 
present in the dry seeds ( ta b les  9 and 10, P* 63 & 64 » f ig*  6 ) .
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F r u c t o s e  i n c r e a s e d  f ro m  0 . 3  on t h e  f i r s t  day  t o  2 . 3  on t h e  f i f t h  
day ( 6 6 6 %),  f rom 0 . 3  t o  1 . 8  (5 0 0 % ) ,  f rom 0 . 4  t o  2 . 6  (5 5 0 % ) ,  an d  
f rom 0 . 6  to  2 . 5 g / 1 0 0 g  (316%) i n  AMR, LAG, JOR, an d  SML
r e s p e c t i v e l y .  AMR shows t h e  h i g h e s t  i n c r e a s e ,  w h i l e  SML t h e
l o w e s t .  G l u c o s e  i n c r e a s e d  f r o m  0 . 2 5  to  2 . 7  ( 9 8 0 % ) ,  f rom 0 . 5  to
2 . 1  (3 2 0 % ) ,  f rom 0 . 5  t o  2 . 6  (4 20% ),  and f r o m  0 . 6  t o  2 . 7 g / 1 0 0 g
(350%) i n  AMR, LAG, JOR, and SML r e s p e c t i v e l y .  AMR shows t h e
h i g h e s t  i n c r e a s e  w h i l e  LAG t h e  l o w e s t .
A much h i g h e r  i n c r e a s e  i n  f r u c t o s e  and g l u c o s e  o f  a b o u t  t e n f o l d  
h a s  b e e n  r e p o r t e d  on t h e  t h i r d  day o f  g e r m i n a t i o n  o f  mung b e a n s  
by KYLEN an d  McCREADY ( 1 9 7 5 ) .  The m o s t  l i k e l y  e x p l a n a t i o n  i s  t h a t  
t h e  g l u c o s e  an d  f r u c t o s e  m u s t  h a v e  come f rom t h e  h y d r o l y s i s  of  
o l i g o s a c c h a r i d e s  (HSU ^ t  a l . ,  1 9 7 3 ) .
D i s a c c h a r i d e s
S u c r o s e  a l s o  i n c r e a s e d  d u r i n g  g e r m i n a t i o n .  T h e r e  was  a  r a p i d  
i n c r e a s e  a f t e r  t h e  f i r s t  d a y ,  and t h e n  a g r a d u a l  i n c r e a s e  u n t i l  
t h e  f i f t h  d a y  of  g e r m i n a t i o n  ( t a b l e s  9 a n d  10 ,  p«63,64) .  S u c r o s e  
i n c r e a s e d  f r o m  0 . 6  i n  t h e  d r y  s e e d s  to  2 . 3  (283%) a f t e r  t h e  f i f t h
d a y ,  f r o m  1 . 3  t o  2 . 7  (1 0 7 % ) ,  f r om  1 . 3  t o  2 . 9  (1 41% ),  an d  0 . 9  t o
2 . 5 g / 1 0 0 g  (177%) i n  AMR, LAG, JOR, and SML r e s p e c t i v e l y .  AMR h a s  
t h e  h i g h e s t  i n c r e a s e  and JOR t h e  l o w e s t .
T h e s e  r e s u l t s  a g r e e  w i t h  t h o s e  o f  KYLEN and McCREADY ( 1 9 7 5 )  who 
h a v e  r e p o r t e d  a n  a p p r o x i m a t e  2 0 0 % i n c r e a s e  i n  s u c r o s e  on t h e  
t h i r d  day o f  g e r m i n a t i o n  o f  mung b e a n s ;  a l o w e r  v a l u e ,  a b o u t  a 
110% i n c r e s e  i n  s u c r o s e  was  r e p o r t e d  by AMAN ( 1 9 7 9 )  u s i n g  t h e
same b e a n s .  I n  g e r m i n a t i n g  p i n k  b e a n s ,  s i m i l a r  i n c r e a s e s  i n
s u c r o s e  h a v e  b e e n  r e p o r t e d  by SILVA an d  LUH ( 1 9 7 9 ) .
69
O l i g o s a c c h a r i d e s
I n  t h e  p r e s e n t  s t u d y ,  s t a c h y o s e  d e c r e a s e d  i n  a l l  f o u r  v a r i e t i e s  
f rom t h e  f i r s t  d a y  o n w a rd s  ( t a b l e s  9 a n d  1 0 ,  p . 63,60.  The d e c r e a s e  
i n  s t a c h y o s e  c o n t i n u e d  s o  t h a t  b y  t h e  f o u r t h  d a y  t h e r e  w e r e  o n l y  
t r a c e s ,  and e v e n  t h e s e  d i s a p p e a r e d  c o m p l e t e l y  by t h e  f i f t h  d a y  of  
g e r m i n a t i o n .  R a f f i n o s e  f o l l o w e d  a s i m i l a r  p a t t e r n ,  b u t  t h e  
d e c r e a s e  was  s u c h  t h a t  b y  t h e  f o u r t h  d a y  t h e r e  was  n o n e  l e f t  i n  
an y  o f  t h e  v a r i e t i e s  s t u d i e d ,  an d  i n  t h r e e  v a r i e t i e s  e x c e p t  f o r  
AMR n o n e  by  t h e  t h i r d  d a y .  T h e s e  r e s u l t s  c o n c e r n i n g  b o t h  
s t a c h y o s e  an d  r a f f i n o s e  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  m o s t  o t h e r  
w o r k e r s  (HSU e t  £ l . ,  1 9 7 3 ;  EAST e £ _ a l . ,  1 9 7 2 ) .  I t  a p p e a r s  t h a t
t h e r e  i s  a r e l a t i o n s h i p  b e t w e e n  t h e  d e c r e a s e  i n  s t a c h y o s e  an d  i n  
r a f f i n o s e  on t h e  one h a n d  a n d  t h e  i n c r e a s e  i n  s u c r o s e ,  i n  
f r u c t o s e ,  and i n  g l u c o s e  on t h e  o t h e r .  S u c r o s e  i s  a  h y d r o l y t i c  
p r o d u c t  o f  b o t h  s t a c h y o s e  an d  o f  r a f f i n o s e ,  and s o  t h e  
a c c u m u l a t i o n  o f  s u c r o s e  may be  d u e  t o  t h e  r a p i d  h y d r o l y s i s  o f  
t h e s e  two o l i g o s a c c h a r i d e s  w h i c h  o c c u r s  d u r i n g  t h i s  p e r i o d  
(ABRAHAMSEN an d  SUDIA, 1 9 6 6 ) .  S i m i l a r l y ,  some o f  t h e  s u c r o s e  may 
a l s o  b e  h y d r o l y s e d  t o  y i e l d  g l u c o s e  an d  f r u c t o s e .  The n o n -  
a p p e a r a n c e  o f  g a l a c t o s e  d u r i n g  g e r m i n a t i o n  c a n  be e x p l a i n e d  by 
JOSLYN' s ( 1 9 7 0 )  s u g g e s t i o n  t h a t  g a l a c t o s e  r a r e l y  o c c u r s  f r e e  i n  
m e a s u r a b l e  c o n c e n t r a t i o n s  i n  p l a n t s .  T h i s  m e a n s  t h a t  t h i s  s u g a r  
and a l s o  o l i g o s a c c h a r i d e s  a r e  n o t  a l w a y s  h y d r o l y s e d  b u t  may a l s o  
be u t i l i z e d  t h r o u g h  a  r e v e r s a l  o f  some s y n t h e t i c  m e c h a n i s m s ,  e . g .  
t h e  s y n t h e s i s  o f  s u c r o s e  w h i c h  may t a k e  p l a c e  a s  f o l l o w s  :
R a f f i n o s e  + U r i d i n e  d i p h o s p h a t e  — > U r i d i n e  d i p h o s p h a t e  g a l a c t o s e  
+ s u c r o s e
U r i d i n e  d i p h o s p h a t e  g a l a c t o s e  ----- > U r i d i n e  d i p h o s p h a t e g l u c o s e
(JOSLYN, 1 9 7 0 ) .
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I n  t h e  p r e s e n t  s t u d y ,  i t  was  f o u n d  t h a t  t h e  o l i g o s a c c h a r i d e s  
( r a f f i n o s e ,  s t a c h y o s e )  d e c r e a s e d  s i g n i f i c a n t l y  d u r i n g  t h e  
g e r m i n a t i o n  o f  l e n t i l  s e e d s ,  s o ,  g e r m i n a t i o n  c o u l d  be u s e d  a s  a 
means  o f  d e c r e a s i n g  o r  r e m o v i n g  o l i g o s a c c h a r i d e s  f r om  d r y  s e e d s ,  
a s  t h e s e  a r e  b e l i e v e d  t o  c a u s e  t h e  i n t e s t i n a l  d i s c o m f o r t  o f  
f l a t u l e n c e  w h i c h  f o l l o w s  t h e  c o n s u m p t i o n  o f  l eg u m es  l i k e  b e a n s  
and p e a s  (EAST ^  a l . ,  1972;  RAO and BELAVADY, 1 9 7 8 ) .  R a f f i n o s e
and s t a c h y o s e  a r e  c o n s i d e r e d  a s  t h e  s t o r a g e  fo rms o f  g a l a c t o s y l ,  
g l u c o s y l ,  and f r u c t o s y l  r e s i d u e s  i n  l e g u m e s ,  an d  t h e  h y d r o l y s e s  
o f  t h e s e  compounds  w i l l  t h e r e f o r e  c a u s e  i n c r e a s e s  i n  s u c r o s e  
(GANDER, 1 9 7 6 ) .
E f f e c t  o f  l i g h t  on t o t a l  a v a i l a b l e  c a r b o h y d r a t e s , s t a r c h e s  a n d  
d e x t r i n s , a n d  e t h a n o l - s o l u b l e  s u g a r s  o f  l e n t i l s  grown a t  25 C i n
t h e  l i g h t
E f f e c t  o f  l i g h t  on t o t a l  a v a i l a b l e  c a r b o h y d r a t e s
T a b l e  11 shows a g r a d u a l  d e c r e a s e  i n  t o t a l  a v a i l a b l e  
c a r b o h y d r a t e s  d u r i n g  g e r m i n a t i o n  i n  t h e  l i g h t .  On t h e  f i f t h  d a y  
o f  g e r m i n a t i o n ,  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  i n  AMR, LAG, JOR, 
and  SML d e c r e a s e d  f r o m  5 1 . 1  to  4 3 . 1  (1 7% ),  f rom 4 9 . 2  t o  3 9 . 1  
(2 0% ),  f rom 4 7 . 1  t o  3 7 . 2  (2 1% ),  and f r o m  4 6 . 8  t o  4 0 . 2  g / lO O g  
(14%) r e s p e c t i v e l y .
A l t h o u g h  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  w e r e  e x p e c t e d  t o  i n c r e a s e  
d u r i n g  g e r m i n a t i o n  i n  t h e  l i g h t ,  t h e  d e c r e a s e  may be  e x p l a i n e d  by 
t h e i r  b e i n g  u t i l i z e d  t o  s u p p l y  e n e r g y  t o  t h e  g r o w i n g  o r g a n s .  
A l s o ,  t h e  l e a v e s  a r e  v e r y  s m a l l  and n o t  p r o p e r l y  d e v e l o p e d  a t  
t h i s  s t a g e .  S o ,  p r e s u m a b l y  n o t  s u f f i c i e n t  c h l o r o p h y l l  h a d  b e e n  
s y n t h e s i z e d  a n d  t h u s  m o r e  c a r b o h y d r a t e s  w e r e  u s e d  up t h a n  
a c t u a l l y  m a n u f a c t u r e d .
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E f f e c t  on s t a r c h e s  an d  d e x t r i n s
T a b l e  11 shows t h a t  s t a r c h e s  a n d  d e x t r i n s  d e c r e a s e d  g r a d u a l l y  
d u r i n g  g e r m i n a t i o n  i n  t h e  l i g h t .  On t h e  f i f t h  d a y  o f  g e r m i n a t i o n ,  
s t a r c h e s  a n d  d e x t r i n s  i n  AMR, LAG, JOR, an d  SML d e c r e a s e d  f r o m
4 8 . 6  t o  3 9 . 0  (1 8% ),  f rom  4 6 . 2  t o  3 3 . 8  (2 7% ),  f rom  4 3 . 9  t o  3 0 . 9  
(29% ),  and f r o m  4 4 . 2  t o  3 3 . 4  (24%) r e s p e c t i v e l y .
The d e c r e a s e  i n  s t a r c h e s  a n d  d e x t r i n s  may be  e x p l a i n e d  a l o n g  t h e  
same l i n e s  a s  f o r  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  a b o v e ,  a s  w e l l  a s  
by t h e i r  h y d r o l y s i s  t o  p r o d u c e  s m a l l e r  m o l e c u l e s .
E f f e c t  on e t h a n o l - s o l u b l e  s u g a r s
T a b l e  11 shows t h a t  s o l u b l e  s u g a r s  h a v e  i n c r e a s e d  i n  a l l  f o u r  
v a r i e t i e s  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e  l i g h t .  On t h e  f i f t h  
day o f  g e r m i n a t i o n ,  s o l u b l e  s u g a r s  i n  AMR, LAG, JOR, an d  SML 
i n c r e a s e d  f r o m  2 . 5  t o  5 . 2  (1 0 8 % ) ,  f r om  2 . 9  t o  5 . 3  (8 3% ),  f rom 3 . 2  
t o  6 . 2  (9 3% ),  and f ro m  2 . 6  to  6 . 8  g / lO O g  (162%) r e s p e c t i v e l y .
I t  may b e  s e e n  f r o m  t h e  a b o v e  t h a t  s o l u b l e  s u g a r s  i n c r e a s e d  
g r a d u a l l y  t h r o u g h o u t  t h e  g e r m i n a t i o n  p e r i o d ;  SML shows t h e  
h i g h e s t  w h i l e  LAG t h e  l o w e s t  i n c r e a s e  i n  s o l u b l e  s u g a r s  o v e r  t h e  
f i v e  d ay  g e r m i n a t i o n  p e r i o d .
E f f e c t  o f  l i g h t  on m o n o - , d i - ,  a n d  o l i g o - s a c c h a r i d e s  o f  l e n t i l s
grown a t  25 C t h e  l i g h t
I n  t h e  p r e s e n t  s t u d y ,  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e  l i g h t ,  
m o n o - ,  an d  d i - s a c c h a r i d e s  i n c r e a s e d ,  w h i l e  o l i g o s a c c h a r i d e s  
d e c r e a s e d  ( t a b l e s  12 a n d  1 3 ) .
E f f e c t  on m o n o s a c c h a r i d e s
T a b l e s  12 an d  13 show t h a t  i n  AMR, f r u c t o s e  i n c r e a s e d  f r o m  0 . 3  on 
t h e  f i r s t  d a y  t o  1 . 4 g / 1 0 0 g  on  t h e  f i f t h  d a y  ( 3 6 6 % ) ,  i n  LAG from
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0 . 4  t o  1 . 5  ( 275% ) ,  i n  JOR fr om  0 . 4  t o  2 . 1  (4 2 5 % ) ,  and i n  SML from
0 . 6  to  2 . 3 g / 1 0 0 g  ( 283% ) .
G l u c o s e  a l s o  i n c r e a s e d  d u r i n g  g e r m i n a t i o n  i n  t h e  l i g h t .  I n  AMR, 
g l u c o s e  i n c r e a s e d  f r o m  0 . 2 2  on t h e  f i r s t  d ay  t o  1 . 5 4 g / 1 0 0 g  on t h e  
f i f t h  d a y  o f  g e r m i n a t i o n  (6 0 0 % ) ,  i n  LAG, i n  JOR, an d  i n  SML, i t  
i n c r e a s e d  f r o m  0 . 4 1  to  1 . 3 6  (23 1% ),  f rom 0 . 4 6  to  1 . 9 4  (3 2 2 % ) ,  an d  
f rom 0 . 3 5  to  1 . 8 9 g / 1 0 0 g  (440%) r e s p e c t i v e l y  ( t a b l e s  12 a n d  1 3 ) .
E f f e c t  on d i s a c c h a r i d e s
The s u c r o s e  c o n t e n t  o f  l e n t i l s  i n c r e a s e d  d u r i n g  g e r m i n a t i o n  a t  25 
C i n  t h e  l i g h t .  I n  AMR, LAG, JOR, and SML s u c r o s e  i n c r e a s e d  f ro m
0 . 6 3  t o  2 . 2 6  (2 7 6 % ) ,  f rom 1 . 2 9  t o  2 . 4 2  (87% ),  f rom 1 . 1 8  t o  2 . 1 2  
(8 0% ),  and  f r o m  0 . 9 7  t o  2 . 4 7 g / 1 0 0 g  (154%) r e s p e c t i v e l y  ( t a b l e s  12 
and  13 ) .
E f f e c t  on o l i g o s a c c h a r i d e s
I n  t h e  p r e s e n t  s t u d y ,  r a f f i n o s e  showed a r a p i d  d e c r e a s e  i n  
i l l u m i n a t e d  g e r m i n a t i n g  l e n t i l s .  I t  d i s a p p e a r e d  c o m p l e t e l y  on t h e  
t h i r d  day o f  g e r m i n a t i o n  f o r  LAG, JOR, SML, an d  on t h e  f o u r t h  d a y  
f o r  AMR. On t h e  s e c o n d  day  o f  g e r m i n a t i o n ,  r a f f i n o s e  i n  A M R ,  LAG, 
JOR, and SML d e c r e a s e d  f r o m  0 . 2 6  to  0 . 1 5  (4 2% ),  f rom 0 . 1 9  t o  
t r a c e  a m o u n t s ,  f rom 0 . 1 5  t o  0 . 1 0  (33% ),  and f r o m  0 . 2 8  t o
0 . 1 6 g / 1 0 0 g  (43%) r e s p e c t i v e l y .
S t a c h y o s e  showed a  g r a d u a l  d e c r e a s e  d u r i n g  g e r m i n a t i o n  a t  25 C i n  
t h e  l i g h t .  I n  LAG, JOR, and SML i t  d i s a p p e a r e d  o n  t h e  f o u r t h  d a y ,  
w h i l e  i n  AMR i t  d i s a p p e a r e d  on  t h e  f i f t h  d a y  of  g e r m i n a t i o n .  I n  
AMR, LAG, JOR, and SML s t a c h y o s e  d e c r e a s e d  f r o m  1 . 4 5  t o  0 . 2 0  
(8 6 %),  f rom  1 . 3 8  t o  0 . 5 2  ( 6 2 % ) ,  f rom 1 . 8 3  t o  0 . 4 5  ( 7 5 % ) ,  a n d  f r o m  
1 . 1 4  t o  0 . 4 2 g / l 0 0 g  (63%) r e s p e c t i v e l y  ( t a b l e s  12 a n d  1 3 ) .
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The t o t a l  a v a i l a b l e  c a r b o h y d r a t e s , s t a r c h e s  a n d  d e x t r i n s , an d  
e t h a n o l - s o l u b l e  s u g a r s  o f  f o u r  v a r i e t i e s  o f  l e n t i l s  grown a t  35 C
i n  t h e  d a r k
T o t a l  a v a i l a b l e  c a r b o h y d r a t e s  a t  35 C
T a b l e  14 shows t h a t  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  i n  a l l  f o u r  
v a r i e t i e s  s t u d i e d  d e c r e a s e d  o n  g e r m i n a t i o n  a t  35 C i n  t h e  d a r k .  
I n  AMR, LAG, JOR and SML t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  on t h e  
f i f t h  d a y  o f  g e r m i n a t i o n  c o m p are d  t o  d r y  s e e d s  d e c r e a s e d  f r o m  
5 1 .1 1  to  4 1 . 9 2 g / 1 0 0 g  (1 8% ),  f rom 4 9 . 2 3  to  3 8 . 7 9  (2 1% ),  f rom 4 7 . 1 4  
t o  3 7 . 4 1  (20%) and  f r o m  4 6 . 8 1  to  3 9 . 0 5 g / 1 0 0 g ( 1 6 % )  r e s p e c t i v e l y .
S t a r c h e s  and  d e x t r i n s  a t  35 C
T a b l e  14 shows t h a t  s t a r c h e s  an d  d e x t r i n s  i n  a l l  f o u r  v a r i e t i e s  
d e c r e a s e d  o v e r  t h e  g e r m i n a t i o n  p e r i o d .  I n  AMR, LAG, JOR an d  SML, 
t h e r e  was  a  d e c r e a s e  on t h e  f i f t h  d a y  of  g e r m i n a t i o n  co m p a r e d  t o  
d r y  s e e d s ;  f r om  4 8 . 7 7  t o  3 9 . 3 2 / l O O g  (1 8% ),  f rom 4 6 . 3 7  t o  3 5 . 6 6  
(2 3% ),  f rom 4 3 . 8 8  t o  3 3 . 9 3  (21%) and f ro m  4 4 . 4 1  to  3 6 . 7 2 g / 1 0 0 g  
(17%) r e s p e c t i v e l y .
E t h a n o l - s o l u b l e  s u g a r s  a t  35 C
I n  t h e  p r e s e n t  s t u d y ,  t h e  e t h a n o l - s o l u b l e  s u g a r s  i n  g e r m i n a t e d  
l e n t i l s  a t  35 C i n  t h e  d a r k  i n c r e a s e d ,  r e a c h e d  a maximum, and 
t h e n  s t a r t e d  d e c r e a s i n g  ( t a b l e  14& f i g .  7 ) .  I n  AMR, JOR, an d  SML 
on t h e  s e c o n d  day a f t e r  g e r m i n a t i o n ,  s o l u b l e  s u g a r s  i n c r e a s e d  
m a x i m a l l y  t o  5 . 3 8 g ,  6 . 1 0 g ,  and 4 . 8 1 g / 1 0 0 g  r e s p e c t i v e l y ,  t h e n  on
t h e  f i f t h  d a y  t h e y  d e c r e a s e d  t o  2 . 6 0 ,  3 . 3 8 ,  an d  2 . 2 5 g / 1 0 0 g
r e s p e c t i v e l y ,  w h i l e  i n  LAG, t h e y  i n c r e a s e d  m a x i m a l l y  t o  5 . 0 5  on 
t h e  t h i r d  d a y , a n d  t h e n  d e c r e a s e d  t o  3 . 1 3 g / 1 0 0 g  on  t h e  f i f t h  d a y .  
A l t h o u g h  t h e  s o l u b l e  s u g a r s  h a d  r e a c h e d  a  maximum, t h e y  t h e n  
s t a r t e d  t o  d e c r e a s e  g r a d u a l l y  a s  show n,  and  o n  t h e  f i f t h  d a y  t h e  
a m o u n t s  w e r e  o n l y  s l i g h t l y  h i g h e r  t h a n  o r  s i m i l a r  to  t h e  o r i g i n a l  
c o n t e n t  o f  t h e  s e e d s ,  i . e .  t h e y  w e r e  1 1 , 9 , a n d  1 0 % h i g h e r  i n
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AMR, LAG, an d  JOR r e s p e c t i v e l y  an d  2% l o w e r  i n  SML.
M o n o - , d i - ,  an d  o l i g o - s a c c h a r i d e s  o f  f o u r  v a r i e t i e s  o f  l e n t i l s
grown a t  35 C i ^  t h e  d a r k
M o n o s a c c h a r i d e s  a t  35 C jxi  t h e  d a r k
I n  t h i s  s t u d y  ( t a b l e s  15 an d  16 ,  f i g .  8 a n d  9 )  t h e
m o n o s a c c h a r i d e s ,  g l u c o s e  an d  f r u c t o s e ,  i n c r e a s e d  r a p i d l y  u n t i l  
t h e  t h i r d  d a y ,  and t h e n  d e c r e a s e d  g r a d u a l l y .  I n  AMR, on t h e  
s e c o n d  day o f  g e r m i n a t i o n ,  f r u c t o s e  i n c r e a s e d  f ro m  n i l  t o  0 . 9 6 ,  
t h e n  d e c r e a s e d  t o  r e a c h  0 . 2 1  on t h e  f i f t h  d a y ;  i n  JOR, and i n  SML 
f r u c t o s e  i n c r e a s e d  r e s p e c t i v e l y  f rom  n i l  t o  1 . 8 9 ,  an d  t o  1 . 3 6 ,  
an d  t h e n  on t h e  f i f t h  d a y  i t  d e c r e a s e d  t o  0 . 6 1  an d  t o  0 . 5 2 g / 1 0 0 g .  
I n  LAG, f r u c t o s e  i n c r e a s e d  f r o m  n i l  t o  1 . 2 7 g  on t h e  t h i r d  day o f  
g e r m i n a t i o n ,  an d  t h e n  d e c r e a s e d  t o  0 . 4 3 g / 1 0 0 g  on t h e  f i f t h  d a y .
G l u c o s e  showed a  s i m i l a r  p a t t e r n  t o  t h a t  of  f r u c t o s e .  I n  AMR, 
JOR, and  SML, g l u c o s e  i n c r e a s e d  t o  1 . 4 6 ,  2 . 2 7  a n d  1 . 7 3 g
r e s p e c t i v e l y  a f t e r  t h e  t h i r d  day o f  g e r m i n a t i o n  a n d  t h e n  
d e c r e a s e d  t o  0 . 6 8 ,  1 . 2 3 ,  and 0 . 7 3 g / 1 0 0 g ,  w h i l e  i n  LAG i t
i n c r e a s e d  t o  1 . 4 5  on t h e  f o u r t h  d a y  an d  d e c r e a s e d  t o  O . S l g / l O O g  
on t h e  f i f t h  d a y .
D i s a c c h a r i d e s  a t  35 C i r i  t h e  d a r k
T a b l e s  15 and 16;  f i g .  8 a n d  9 show t h a t  t h e  s u c r o s e  c o n t e n t  o f  
t h e  f o u r  v a r i e t i e s  o f  l e n t i l s  r e a c h e d  i t s  maximum e i t h e r  on t h e  
s e c o n d  o r  t h i r d  day o f  g e r m i n a t i o n .  I n  AMR, JOR, an d  SML s u c r o s e  
i n c r e a s e d  on  t h e  s e c o n d  day o f  g e r m i n a t i o n  f r o m  0 . 6 3  to  2 . 8 5 ,
f rom 1 . 1 8  t o  1 . 9 2 ,  f rom 0 . 9 7  t o  1 . 6 7 g / 1 0 0 g  r e s p e c t i v e l y ,  a n d  t h e n  
on t h e  f i f t h  d a y  i t  d e c r e a s e d  t o  1 . 7 1 ,  1 . 5 4 ,  a n d  l . O g / l O O g
r e s p e c t i v e l y .  I n  LAG on t h e  o t h e r  h a n d ,  s u c r o s e  i n c r e a s e d  
m a x i m a l l y  t o  2 . 4 6  on t h e  t h i r d  day an d  t h e n  i t  d e c r e a s e d  t o
1 . 8 9 g / 1 0 0 g  on  t h e  f i f t h  d a y  o f  g e r m i n a t i o n .  The a v e r a g e  maximum 
s u c r o s e  i n c r e a s e  r e a c h e d  150%, w h i l e  on t h e  f i f t h  d a y  t h e
80
<
H
O
H
(N
VD
00
(N
ON
O
ON
rn
ON
m
o
CN
OO
O
m
<
Hco
00
m
CN
>A
rv .
o
oo oo
CD
X
c
cO
p:i
a u
2  S
ON
O
CJN
CN
H
m
\ o
oo
OO
CNJ
oo
Nû
CN
O
O
Nû
CN
O
O
ON
OO
1/5
(L)
X
Cd
•g
u
cd
?
o00
cd
X
• § )
"o
00oo
D
O
D
tu
oo
oo
NO
»A
oO
OO
>n
ON
m
m
CN
e t-
ON
OO
CD
m■cJ-
"H ;s
<I) c
^  2 
00
O  en
§  5
C
O
u
oen
m
u
<D
UJ
en
OJ
+ -"
OJ
l_
cd>
O
<
h4
00
en
cd
X
CL)
%
0)u
CL
X
<ü
CL)
CD
îS
hJ
<
H
O
H
<  
f—' 
0 0
tu
<
C d
•a-
CN
«A•a-
NO
CN
ON
A
( A
CA
CA
CD
CD
CJN
CN
00
m
CA
ON
CN
CD
CD
r>w
NO
CD
CD
CD
CD
(A
NO
(A
O
O
CD
CD
A
CD
NO
CN
CD
CD
CD
CD
A
_0J
3
Cd
H
Cd CJ
i  ^<  CD
D
hJ
o
A
NO
CDo
CN
<*•
CN
A
00
A
00
CNJ
00
CN
A•a-
CN
NO
NO
A
CnJ
A
CTN
00
NO
D
Pi
Uu
CD
CD A
N
NO
ON NO
A
A CNJ
CD
1 1
O
CN A A
tutO
en
8
cd
i_
t—'
81
<
H
O
H
A
ON
A
(N
NO
(N
A
A
ON
CN
00
CN
O
ON
CA
00
O
A
A
A
CN
CNJ
<
Ht/G
A■a-
A
CN
OO OO
tu
<
Dd
OO
CN
O
O
O
O oo oo
Xc
(d
cdo
A
en
(L)
X
(d
•gu
m
cd
en
1 L,O CdX
3 Ë
X -Mc
cd C
1 c
X
*\ oS-.
o W)co '+4E C
c üo 4-4
u Oen
A QJ
A "+4
4-1 QJO j-t
■HU gOJ
4-4
4H Stu to
x :
OuO
'ÔJ
> .Lw
X
00o
0
'ob
en(d
X
(U
s
1
CJ
fd
S3
en
CJ
Lw
CJx:
H
U
3en
D
a
D
cd
Pu
I I
<
H
O
H
<
H
C/J
U .
<
Cd
CJN
oo
oo
A
c o oo
U
OO
o
NO
A
A
00
A
CD
ON
CD
A
OO
CN
CN
NO
CD
CD
CD
NO
A
A
NO
A
CN
A
CN
3
' ë
NO
(N.
O
CD
A
CN
A
CN
ON
A
CD
CN
A
H
oo
00
ACh
oO
CN
NO
NO
CD
O
O
CD
CD
O
A
M .
CD
CN
A
A
ON
00
A
cÂ
CD
CD
CD
CD
NO
X5cd
H
Cd
O
A
U
Dto
D
U
O
OO
CD
O
CD
Ch
CN
CN
CTN
CN
OO
A
IN
CN
CN
A
NO
CJN
OO
c h
A
A
CN
I I
CD
CD
C O O 
O
U
Ch
CTN
ON
00
CN
CN
A
A
CN
NO
CD
A
tutO
a
%
L.
H
II
H
mI l  COO#
O H
X
m
CO
O e
CO CM
LO
X )
(U
E
<u
o
(U■o
L-rdx:(jucdto
Iodû
-g ycd
S
(/)euüûc
cdX:
U
bo
ix
fd
u.
cdX
<uJC
c
oL.bo
SOOT/â UT S S p ïJe L jD D E S -o S T yO  pug ' - ip  ‘ - o u o y v
3 SB<SO U-. t/) pi to
o  •  < □ ■
/
u
o
+-»(d
u.
fd■a
<uJC
c
oL.buO
(/)<u
c_CJ
HH0
(/)<L)
■fd
•6u
fdin1o
bO
■Uc
fd
I
X
roco
£
in<UbjQC
(d
JC
U
o\
iÜ
CO CM
S q O T /S  S a p T J B q D D E S -o S T [0  p U E * - ip  ‘ - o u o y v
84
i n c r e a s e  was  o n l y  6 8 %.
O l i g o s a c c h a r i d e s  a t  35 C j j i  t h e  d a r k
T a b l e s  15 and 16 ( f i g .  8 a n d  9 )  show t h a t  t h e r e  i s  a l m o s t  
c o m p l e t e  d i s a p p e a r a n c e  o f  r a f f i n o s e  b y  t h e  f i r s t  d ay  o f  
g e r m i n a t i o n ,  w h i l e  s t a c h y o s e  d i s a p p e a r e d  c o m p l e t e l y  e i t h e r  on t h e  
t h i r d  o r  f o u r t h  d a y  o f  g e r m i n a t i o n .
R a f f i n o s e  i n  AMR, LAG, and JOR d i s a p p e a r e d  on t h e  f i r s t  d a y ,  
w h i l e  i t  d i s a p p e a r e d  i n  SML on t h e  s e c o n d  day of  g e r m i n a t i o n .  I n  
AMR, on t h e  t h i r d  day o f  g e r m i n a t i o n ,  s t a c h y o s e  d e c r e a s e d  f r o m  
1 . 4 5 g  i n  t h e  d r y  s e e d s  to  0 . 1 6 g / 1 0 0 g ,  w h i l e  i n  LAG, JOR, an d  SML, 
i t  d e c r e a s e d  i n  t h e  d r y  s e e d s  f rom 1 . 3 8 ,  1 . 8 3 ,  an d  1 . 1 4 g / 1 0 0 g
r e s p e c t i v e l y  t o  0 . 1 7 ,  0 . 4 7 ,  and  0 . 2 3 g / 1 0 0 g  on  t h e  s e c o n d  day of
g e r m i n a t i o n .  The d i f f e r e n t  v a r i e t i e s  t e n d e d  t o  v a r y  a s  to  t h e i r  
c h a n g e s  i n  t h e  v a r i o u s  m o n o - ,  d i - ,  and o l i g o - s a c c h a r i d e s  when 
grown a t  35 C i n  t h e  d a r k  o v e r  a p e r i o d  o f  f i v e  d a y s  ( f i g .  8 a n d  
9 ) .  On t h e  w h o l e ,  t h e y  d i d  n o t  a l w a y s  r e a c h  t h e i r  maximum c o n t e n t  
on t h e  same d ay  a f t e r  g e r m i n a t i o n .  T h i s  shows t h a t  i n  t h i s  c a s e ,  
t h e r e  w e r e  some v a r i e t a l  d i f f e r e n c e s .
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CHAPTER 111 
LIPIDS AND CRUDE FIBRE
INTRODUCTION
L i p i d s  a r e  a c l a s s  o f  coumpounds  g r o u p e d  t o g e t h e r  b e c a u s e  o f  
s i m i l a r  s o l u b i l i t y  p r o p e r t i e s  (OSER, 1 9 6 5 ) .  The n e u t r a l  f a t s  a r e  
i m p o r t a n t  b e c a u s e  t h e y  form t h e  b u l k  o f  t h e  l i p i d  m a t e r i a l  i n  t h e  
a d i p o s e  t i s s u e  o f  t h e  a n i m a l  b o d y .  STUMPF ( 1 9 7 6 )  h a s  r e p o r t e d  
t h a t  i n  h i g h e r  p l a n t s  t r i a c y l g l y c e r o l s  ( t r i g l y c e r i d e s )  a r e  t h e
m a j o r  c o n s t i t u e n t s  o f  l i p i d s .  C h e m i c a l l y ,  t r i g l y c e r i d e s  a r e
e s t e r s  o f  t h e  t r i h y d r i c  a l c o h o l  g l y c e r o l  w i t h  t h r e e  f a t t y  a c i d s .  
P l a n t  t r i a c y l g l y c e r o l s  t h a t  a r e  s o l i d  a t  room t e m p e r a t u r e  a r e
c a l l e d  f a t s ,  an d  h a v e  a s  t h e i r  m a j o r  f a t t y  a c i d  t h e  s a t u r a t e d  
f a t t y  a c i d  : p a l m i t i c ,  w h i l e  t h o s e  l i q u i d  a t  room t e m p e r a t u r e  a r e  
c a l l e d  o i l s  a n d  h a v e  a s  t h e i r  m a j o r  a c i d s  t h e  u n s a t u r a t e d  f a t t y  
a c i d s :  o l e i c  ( 0 1 8 : 1 ) ,  l i n o l e i c  an d  l i n o l e n i c  a c i d s .  A c i d s  do
h y d r o l y s e  t r i g l y c e r i d e s ,  s i n c e  f a t t y  a c i d s  a r e  l i n k e d  t o  t h e
a l c o h o l  g r o u p s  o f  g l y c e r o l s  by an  e s t e r  b o n d .  SALUNKHE e ^  a l .
( 1 9 8 3 )  h a v e  r e p o r t e d  t h a t  t h e  d i s t r i b u t i o n  o f  t o t a l  l i p i d s  i n  
l e g u m e s ,  v a r i e s  w i t h  t h e  s p e c i e s ,  v a r i e t i e s ,  an d  l o c a t i o n ,  and  
t h a t  t h e  n e u t r a l  l i p i d s  a r e  t h e  p r e d o m i n a n t  c l a s s  o f  l i p i d s  i n  
l e g u m e s .  Legume s e e d  l i p i d s  c o n t a i n  s u b s t a n t i a l  am o u n t s  o f  
s a t u r a t e d  f a t t y  a c i d s ,  e s p e c i a l l y  p a l m i t i c  a c i d  ( C 1 6 : 0 ) ,  r a n g i n g  
f rom 10 to  33% o f  t h e  t o t a l  l i p i d s ,  a l s o  i n  m o s t  l e g u m e s ,  e i t h e r  
o f  t h e  u n s a t u r a t e d  f a t t y  a c i d s ,  i . e .  l i n o l e i c  ( 0 1 8 : 2 )  o r
l i n o l e n i c  a c i d  ( C 1 8 : 3 )  i s  p r e s e n t  a s  t h e  m a j o r  u n s a t u r a t e d  f a t t y  
a c i d s  (SALUNKHE a l ^ . , 1 9 8 3 ) .  The s u s c e p t i b i l i t y  o f  legume
l i p i d s  t o  o x i d a t i o n  l e a d s  t o  s e v e r a l  c h a n g e s  i n  them a s  w e l l  a s  
i n  o t h e r  f o o d  c o n s t i t u e n t s ,  an d  o f  p a r t i c u l a r  i m p o r t a n c e  a r e  t h e  
r e a c t i o n s  b e t w e e n  them an d  o t h e r  compounds  s u c h  a s  a l d e h y d e s ,  
k e t o n e s ,  p r o t e i n s ,  am ino  a c i d s  a n d  v i t a m i n s .  N e u t r a l  l i p i d s  
( t r i g l y c e r i d e s ) ,  p h o s p h o l i p i d s ,  g l y c o l i p i d s  a n d  s t e r o l s  a r e  t h e
m a j o r  l i p i d s  i n  l e n t i l s .
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I n  t h e  p r e s e n t  s t u d y ,  t o t a l  l i p i d s  o f  t h e  f o u r  v a r i e t i e s  o f  
l e n t i l s  w i l l  be d e t e r m i n e d .
MATERIALS AND METHODS
The l i p i d  f r a c t i o n  o f  a f o o d  i s  u s u a l l y  s e p a r a t e d  f r o m  t h e  o t h e r  
compounds p r e s e n t  i n  t h e  fo o d  by e x t r a c t i o n  w i t h  an o r g a n i c  
s o l v e n t  such  a s  p e t r o l e u m  e t h e r ,  e t h y l  e t h e r  an d  r e p o r t e d  a s  
" e t h e r - s o l u b l e  f r a c t i o n "  o r  " c r u d e  f a t "  (MEYER, 1 9 7 8 ) .  The i n i ­
t i a l  p r o b l e m  i n  t h e  d e t e r m i n a t i o n  o f  t h e  l i p i d  c o n t e n t  o f  a p l a n t  
t i s s u e  o c c u r s  i n  s e l e c t i n g  t h e  b e s t  m e t h o d  o f  e x t r a c t i o n ,  b e c a u s e  
some m e t h o d s  s u f f e r  f rom i n c o m p l e t e  e x t r a c t i o n  o f  c e l l u l a r  l i p i d s  
(HITCHCOCK an d  NICHOLS, 1 9 7 1 ) .  A n o t h e r  p r o b l e m  i s  i n  s e l e c t i n g  
t h e  s u i t a b l e  s o l v e n t  ( s ) .  H o w e v e r ,  q u a n t i t a t i v e  e x t r a c t i o n  o f  
l i p i d s  i s  o b t a i n e d  by m a c e r a t i o n  o f  f r e s h  t i s s u e  w i t h  a s o l ­
v e n t  ( s ) ,  m o s t  o f  w h i c h  c o n t a i n  a f a i r l y  h i g h  p e r c e n t a g e  o f  
a l c o h o l  t o  e f f e c t  d e h y d r a t i o n  o f  t h e  t i s s u e .  N e v e r t h e l e s s ,  c a r e  
m u s t  b e  t a k e n  t o  m i n i m i z e  l i p a s e  a c t i v i t y  d u r i n g  e x t r a c t i o n  o f  
t h e  t i s s u e .  CHRISTIE ( 1 9 7 3 )  h a s  shown t h a t  a  m i x t u r e  o f  
c h l o r o f o r m - m e t h a n o l  ( 2 : 1 , v / v )  e x t r a c t e d  m o re  l i p i d s  e x h a u s t i v e l y  
f rom p l a n t ,  a n i m a l  o r  b a c t e r i a l  t i s s u e s  t h a n  m o s t  o t h e r  s i m p l e  
s o l v e n t  s y s t e m s .  I n  t h e  p r e s e n t  s t u d y ,  c h l o r o f o r m - m e t h a n o l  ( 2 : 1 ,  
v / v )  was s e l e c t e d  a n d  t h e  m e t h o d  o f  KATES ( 1 9 7 0 )  was u s e d .
D e t e r m i n a t i o n  o f  t o t a l  l i p i d s
1 .  E x t r a c t i o n
To 10 g o f  s e e d s  o r  20 g o f  g e r m i n a t e d  s e e d s ,  150 ml  o f  
c h o r o f o r m - m e t h a n o l  ( 2 : 1 , v / v ) ,  was a d d e d ,  a n d  t h e  m i x t u r e  b l e n d e d  
i n  a  W a r in g  b l e n d e r .  The h o m o g e n a t e  was  f i l t e r e d  w i t h  s u c t i o n ,  
and  t h e  r e s i d u e  was  r e b l e n d e d  w i t h  150 ml  c h l o r o f o r m - m e t h a n o l  
( 2 : 1 ,  v / v ) ,  f o l l o w e d  by w a s h i n g  t h e  r e s i d u e  w i t h  70 ml
c h l o r o f o r m - m e t h a n o l  ( 2 : 1 ,  v / v ) .  The co m b in ed  f i l t r a t e s  w e r e
t r a n s f e r r e d  t o  a  s e p a r a t i n g  f u n n e l  and 125 ml o f  c h o r o f o r m ,  an d  
150 ml o f  w a t e r  w e r e  a d d e d ,  an d  t h e  c o n t e n t s  w e r e  s h a k e n  a n d  t h e
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p h a s e s  a l l o w e d  t o  s e p a r a t e .  The c h l o r o f o r m  l a y e r  was  w i t h d r a w n ,  
and t h e n  c o n c e n t r a t e d  t o  2 0 - 3 0  ml u n d e r  vacuum a t  3 0 - 3 5  C.
2 .  E s t i m a t i o n  o f  l i p i d s
To e a c h  o f  f o u r  g l a s s  v i a l s ,  an a l i q u o t  o f  5 ml o f  t h e  
c o n c e n t r a t e d  c h l o r o f o r m  s o l u t i o n  was  a d d e d .  The s a m p l e  was  
e v a p o r a t e d  a t  30 C i n  a s t r e a m  o f  n i t r o g e n .  The v i a l s  w e r e  p l a c e d  
i n  a d e s i c c a t o r  o v e r  KOH p e l l e t s  a n d  t h e n  w e r e  t a k e n  o u t  an d  
w e i g h e d .  The s a m p l e  was  k e p t  i n  t h e  d e s i c c a t o r  u n t i l  t h e  w e i g h t  
was c o n s t a n t  to  w i t h i n  ^  0 . 0 5  mg.
3 .  C a l c u l a t i o n
The t o t a l  e x t r a c t a b l e  l i p i d  c o n t e n t  a s  p e r  c e n t  d r y  w e i g h t  ca n  be  
c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  f o r m u l a  :
V, X X 10 0
T o t a l  e x t r a c t a b l e  l i p i d  ( a s  %) = --------------------------
Vj X W2
w h e r e  W-| = w e i g h t  ( g )  o f  t h e  l i p i d  i n  t h e  a l i q u o t ,
V?2 = w e i g h t  ( g )  o f  t h e  s a m p l e  ( d r y  w t ) ,
Vi = volume o f  t h e  c o n c e n t r a t e d  c h l o r o f o r m  l a y e r ,
V2 = vo lum e o f  a l i q u o t  (5 m l )  c o n c e n t r a t e d  c h l o r o f o r m .
CRUDE FIBRE
C ru d e  f i b r e  i s  d e f i n e d  a s  t h e  o r g a n i c  r e s i d u e  w h i c h  r e m a i n s  a f t e r  
t h e  m a t e r i a l  h a s  b e e n  t r e a t e d  w i t h  h o t  H2 S0 ^ , a l k a l i ,  and a l c o h o l  
(PEARSON, 1 9 7 6 ) .  The c r u d e  f i b r e  c o n s i s t s  l a r g e l y  of  c e l l u l o s e  
w i t h  a  l i t t l e  l i g n i n  (PEARSON, 1976 ;  JOSLYN, 1970 ;  VANSOEST and  
ROBERTSON, 1 9 7 7 ) .  The f i b r e  c o n t e n t  o f  f o o d  i s  g a i n i n g  a g r e a t  
d e a l  o f  i n t e r e s t  among many w o r k e r s .  H o w ev er ,  t h e  t e rm  i s  n o t  a 
p r e c i s e  one  a n d  o p i n i o n s  v a r y ,  e s p e c i a l l y  a s  t o  w h i c h  m i n o r  
c o m p o n e n t s  s h o u l d  be  i n c l u d e d  o r  e x c l u d e d  u n d e r  t h i s  t e r m  
(JOHNSTON and OLIVER, 1 9 8 2 ) .  C r u d e  f i b r e  an d  d i e t a r y  f i b r e  a r e  
n o t  s t r i c t l y  i n t e r c h a n g e a b l e  e x p r e s s i o n ,  a n d  o n l y  one f i f t h  t o
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one h a l f  o f  t h e  t o t a l  d i e t a r y  f i b r e  i s  a c t u a l l y  c r u d e  f i b r e  
(SCALA, 1 9 7 4 ) .  C ru d e  f i b r e  v a l u e s  f o r  a g i v e n  fo o d  t e n d  t o  show 
v a r i a t i o n  w i t h  c l i m a t e  a n d  d e g r e e  o f  m a t u r i t y  (MEYER, 1 9 7 8 ) .  N ex t  
to  c e r e a l s ,  l eg u m es  a r e  f i b r e - r i c h .  WILSON e ^  ( 1 9 7 9 )  h av e
r e p o r t e d  t h a t  d i e t s  w h i c h  a r e  h i g h  i n  f i b r e s  a r e  b e n e f i c i a l  t o  
humans ,  s i n c e  l a c k  o f  them c a u s e s  c e r t a i n  d i s e a s e s  o f  t h e  c o l o n .
T h e r e f o r e ,  t h e  c r u d e  f i b r e  c o n t e n t  o f  t h e  f o u r  v a r i e t i e s  o f  
l e n t i l s  w i l l  be  d e t e r m i n e d .
MATERIALS AND METHODS
I n  t h e  p r e s e n t  s t u d y ,  t h e  AOAC m e th o d  (AOAC,1975) was u s e d .  I s  i s  
b a s e d  on t h e  e x t r a c t i o n  w i t h  e t h e r ,  t h e n  by b o i l i n g  w i t h  H2 S0 ^ , 
f i l t e r i n g  a n d  b o i l i n g  w i t h  NaOH, and t h e n  f i l t e r i n g  a g a i n ,  d r y i n g  
to  c o n s t a n t  w e i g h t ,  w e i g h i n g  a n d  t h e n  a s h i n g ,  and w e i g h i n g  a g a i n .  
The d i f f e r e n c e  b e t w e e n  t h e  two w e i g h t s  i s  t h e  c r u d e  f i b r e .
R e a g e n t s
1 . H2 S0^ : s t o c k  s o l u t i o n ,  1 0 % ( w / v )
2 .  H2 S0 ^ :  w o r k i n g  s o l u t i o n ,  1.25% ( w / v )
3 .  NaOH : s t o c k  s o l u t i o n ,  10% ( w / v )
4 .  NaOH ; w o r k i n g  s o l u t i o n ,  1.25% ( w / v )
5 .  HCl s o l u t i o n ,  1% ( v / v )
6 . A n t i f o a m .  2% s i l i c o n  a n t i f o a m  i n  c a r b o n  t e t r a c h l o r i d e .
1 .  E x t r a c t i o n
One g o f  t h e  d r y  s a m p l e  was  e x t r a c t e d  i n  20 ml p e t r o l e u m  e t h e r  by 
s t i r r i n g ,  s e t t l i n g  a n d  d e c a n t i n g  t h r e e  t i m e s .
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2 .  D e t e r m i n a t i o n
The e x t r a c t e d  s a m p l e  ( 1 )  was a i r - d r i e d ,  and t r a n s f e r r e d  t o  a 500 
ml c o n i c a l  f l a s k .  Two h u n d r e d  ml b o i l i n g  1.25% H2 S0 ^ w e r e  a d d e d ,  
h e a t e d  t o  b o i l i n g  w i t h i n  1 m i n ,  and  a few d r o p s  o f  a n t i f o a m
a d d e d .  T h i s  w as  b o i l e d  g e n t l y  f o r  30 m in  u n d e r  r e f l u x .  The
c o n t e n t s  w e r e  f i l t e r e d  t h r o u g h  a B u ch n e r  f u n n e l  No 3 ,  u s i n g
Whatman f i l t e r  p a p e r  No 5 4 .  The s a m p l e  was  w a s h e d  b ack  i n t o  t h e  
o r i g i n a l  f l a s k  w i t h  200 ml  b o i l i n g  1.25% NaOH. The c o n t e n t s  w e r e  
a g a i n  b o i l e d  f o r  30 m i n ,  t a k i n g  t h e  same p r e c a u t i o n s  a s  i n  t h e  
p r e v i o u s  b o i l i n g .  The i n s o l u b l e  m a t t e r  was t r a n s f e r r e d  t o  a
s i n t e r e d  g l a s s  c r u c i b l e  an d  t h e n  w a s h e d  s u c c e s s i v e l y  w i t h  b o i l i n g
w a t e r ,  and w i t h  1% H C l .  The r e s i d u e  w as  w a s h e d  t w i c e  w i t h  a l c o h o l
and t h r e e  t i m e s  w i t h  a c e t o n e ,  d r i e d  a t  100 C to  c o n s t a n t  w e i g h t
and t h e n  a s h e d  i n  a f u r n a c e  a t  550 C f o r  1 h .  The c r u c i b l e  was
c o o l e d  a n d  w e i g h e d .
3 .  C a l c u l a t i o n
The f i b r e  c o n t e n t  (%) was  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  f o r m u l a :
(W2 -W3 ) X 10 0
F i b e r  c o n t e n t  (%) = ------------------------
Wi
w h e r e ,  w e i g h t  ( g )  o f  s a m p l e  = W-j
w e i g h t  ( g )  o f  i n s o l u b l e  m a t t e r  = W2
w e i g h t  ( g )  o f  a s h  = W3
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RESULTS AND DISCUSSION 
T o t a l  l i p i d s  o f  t h e  d r y  l e n t i l s
T o t a l  l i p i d  c o n t e n t  i n  AMR, LAG, JOR, and SML a r e  1 . 1 7 ,  0 . 9 6 ,
1 . 3 2 ,  an d  1 . 2 1 g / 1 0 0 g  d r y  w e i g h t  r e s p e c t i v e l y .  T a b l e  ] 7  shows t h a t  
t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  l i p i d s  b e t w e e n  t h e  
f o u r  v a r i e t i e s  u n d e r  i n v e s t i g a t i o n .  The v a l u e s  o f  t o t a l  l i p i d s  
o b t a i n e d  i n  t h i s  s t u d y  com pare ,  w e l l  w i t h  t h o s e  o f  EL-NAHRY e t  
a l . ( 1 9 8 0 )  f o r  E g y p t i a n  v a r i e t i e s .  The t o t a l  l i p i d  c o n t e n t s  o f
a l l  l e g u m e s ,  e x c e p t  p e a n u t s  a n d  s o y b e a n s  v a r y  f rom b e t w e e n  1 t o
7% d e p e n d i n g  on t h e  s p e c i e s  (SALUNKHE e £  a l^ . ,  1 9 8 3 ) .  S o ,  t o t a l  
l i p i d s  o f  l e n t i l s  a r e  a t  t h e  l o w e r  end o f  t h e  r a n g e  f o r  l e g u m e s .
C ru de  f i b r e  o f  d r y  l e n t i 1 s e e d s
Cru de  f i b r e  ( t a b l e  1 7 )  i n  AMR, LAG, JOR, and SML i s  4 . 1 0 ,  3 . 7 0 ,  
4 . 5 4 ,  and 4 . 8 6 g / 1 0 0 g  d r y  w e i g h t  r e s p e c t i v e l y .  The c r u d e  f i b r e  
v a l u e s  o b t a i n e d  f r o m  t h e  p r e s e n t  s t u d y  a r e  s l i g h t l y  l o w e r  t h a n  
t h o s e  r e p o r t e d  by VERM A £ t  ( 1 9 7 7 )  w o r k i n g  w i t h  I n d i a n
v a r i e t i e s  o f  l e n t i l s .  N o w a d ay s ,  d i f f e r e n t  t e r m s  a r e  u s e d ,  e . g .  
f i b r e ,  c r u d e  f i b r e ,  and d i e t a r y  f i b r e  w h i c h  may have  d i f f e r e n t
m e a n i n g  (See  p .  8 7 ) •  D i e t a r y  f i b r e  h a s  b e e n  d e f i n e d  a s  n o n ­
s t a r c h  p o l y s a c c h a r i d e s  (CUMMINGS, 1 9 8 0 ) ,  o r  a g a i n  a s  t h e  r e m n a n t s  
o f  p l a n t  c e l l s  r e s i s t a n t  t o  h y d r o l y s i s  by t h e  enzymes o f  man a n d  
t h i s  w i l l  i n c l u d e  l i g n i n ,  c e l l u l o s e ,  an d  h e m i c e l l u l o s e  (TROWELL, 
1 9 7 7 ) .  Some w o r k e r s  a r e  o f  t h e  o p i n i o n  t h a t  l i g n i n  c a n n o t  b e  
e x c l u d e d  b e c a u s e  i t  i s  m e r e l y  one o f  a num ber  o f  p o l y s a c c h a r i d e -  
a s s o c i a t e d  s u b s t a n c e s  f o u n d  i n  p l a n t  c e l l  w a l l s  (CUMMINGS, 1980 ;  
THEANDER, 1 9 7 7 ) .  T h e r e f o r e ,  i n  t h e  p r e s e n t  c o n t e x t ,  c r u d e  f i b r e  
i s  d e f i n e d  a s  t h e  t h e  l o s s  on i g n i t i o n  o f  d r i e d  r e s i d u e  o f  p l a n t  
f o o d  l e f t  a f t e r  s e q u e n t i a l  e x t r a c t i o n  w i t h  s o l v e n t ,  d i l u t e  a c i d  
an d  d i l u t e  a l k a l i .
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C h an g es  i n  t o t a l  l i p i d s  o f  l e n t i 1 s e e d l i n g s  grown a t  25 C t h e
d a r k
L i p i d s  a r e  b r o k e n  down a n d  c o n v e r t e d  b o t h  to  p y r u v i c  a c i d  o r  to  
s u g a r s ,  b u t  t h i s  i s  n o t  a l w a y s  s o ,  as  l i p i d s  i n  some s e e d s  e . g .  
C i t r u l l u s  a r e  u s e d  i n  r e s p i r a t i o n  a n d  seem n o t  to  be  c o n v e r t e d  t o  
c a r b o h y d r a t e s  (MAYER and POLJAKOFF-MAYBER, 1 9 7 5 ) .
C h an g e s  i n  l i p i d s  o f  l e n t i l s  grown a t  25 C t h e  d a r k
T h e r e  i s  a g r a d u a l  d e c r e a s e  i n  t o t a l  l i p i d s  i n  t h e  f o u r  v a r i e t i e s  
of  l e n t i l s  a f t e r  g e r m i n a t i o n  i n  t h e  d a r k  a t  25 C ( t a b l e  1 7 ,  p .  
91 ) .  On t h e  f i f t h  d ay  o f  g e r m i n a t i o n  t o t a l  l i p i d s  i n  AMR, LAG, 
and SML d e c r e a s e d  t o  t r a c e  a m o u n t s  w h i l e  i n  JOR t h e y  d e c r e a s e d  
f rom 1 . 3 2  i n  t h e  d r y  s e e d s  to  0 . 1 8 g / 1 0 0 g  ( 8 6 %).
T h e s e  r e s u l t s  a g r e e  w i t h  t h o s e  o f  KYLEN and McCREADY ( 1 9 7 5 )  who 
h a v e  r e p o r t e d  t h a t  d u r i n g  g e r m i n a t i o n  o f  s e e d s ,  t h e r e  i s  a r a p i d  
d e c r e a s e  i n  l i p i d s .  T h i s  d e c r e a s e  i n  l i p i d s  i s  e x p l a i n e d  by t h e  
a c t i o n  o f  l i p a s e s  on l i p i d s ,  f o l l o w e d  by p a r t i a l  o x i d a t i o n ,  and 
by c o n v e r s i o n  o f  c e r t a i n  i n t e r m e d i a t e s  t o  s u c r o s e  (STUMPF, 1 9 7 6 ) .
C h an g es  i n  c r u d e  f i b r e  o f  l e n t i l s  g rown  a t  25 C j x  t h e  d a r k
T a b l e  17 ( p * 9 l  ) shows t h a t  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e
d a r k ,  t h e r e  was a n  i n c r e a s e  i n  c r u d e  f i b r e  i n  t h e  f o u r  l e n t i l  
v a r i e t i e s  u n d e r  i n v e s t i g a t i o n .  C r u d e  f i b r e  i n  AMR, LAG, JOR, and 
SML i n c r e a s e d  f ro m  4 . 1 0  i n  t h e  d r y  s e e d s  to  9 . 2 5  (125%) on t h e  
f i f t h  d a y ,  f rom 3 . 7 0  to  8 . 9 0  ( 1 4 0 % ) ,  f r om  4 . 5 4  t o  9 . 7 6  ( 1 1 5 % ) ,  
and f r o m  4 . 8 6  to  l O . l l g / l O O g  (108%) r e s p e c t i v e l y .
C h an g e s  i n  l i p i d s  o f  l e n t i l s  grown a t  25 ^  t h e  l i g h t
T h e r e  w as  a  r a p i d  d e c r e a s e  i n  t o t a l  l i p i d s  o f  t h e  f o u r  l e n t i l  
v a r i e t i e s  g e r m i n a t e d  i n  t h e  l i g h t  a t  25 C ( t a b l e  1 8 ) .  On t h e  
f o u r t h  d a y  o f  g e r m i n a t i o n ,  t o t a l  l i p i d s  o f  AMR, LAG, a n d  SML w e r e
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f o u n d  o n l y  i n  t r a c e  a m o u n t s ,  w h i l e  i n  JOR t h e y  d e c r e a s e d  f r o m
I . 3 2  to  0 . 1 3 g / 1 0 0 g  (9 0% ).
T h e s e  r e s u l t s  a g r e e  w e l l  w i t h  t h o s e  o f  ABRAHAMSEN and SUDIA 
( 1 9 6 6 )  who h a v e  r e p o r t e d  t h a t  l i p i d s  w e r e  d e p l e t e d  m ore  r a p i d l y  
i n  s o y b e a n  s e e d l i n g s  grown i n  l i g h t  t h a n  i n  t h o s e  grown i n  t h e  
d a r k .
C h a n g e s  i n  c r u d e  f i b r e  o f  l e n t i l s  grown a t  25 C jjn. t h e  l i g h t
T a b l e  18 shows t h a t  t h e r e  was a n  i n c r e a s e  i n  c r u d e  f i b r e  i n  t h e  
f o u r  l e n t i l  v a r i e t i e s  t e s t e d  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e  
l i g h t .  On t h e  f i f t h  d ay  o f  g e r m i n a t i o n  i n  l i g h t ,  c r u d e  f i b r e  i n  
AMR, LAG, JOR, and SML i n c r e a s e d  f r o m  4 . 1 0  t o  6 . 9 0  ( 6 8 %),  f rom 
3 . 7 0  to  7 . 2 0  (9 5% ),  f rom 4 . 5 4  t o  8 . 1 0  (78% ),  and f r o m  4 . 8 6  to  
7 . 5 3 g / 1 0 0 g  (55%) r e s p e c t i v e l y .
C h an g e s  i n  t o t a l  l i p i d s  o f  l e n t i l s  grown a t  35 C t h e  d a r k
T h e r e  was  a s u b s t a n t i a l  d e c r e a s e  i n  t o t a l  l i p i d s  o f  t h e  f o u r
l e n t i l  v a r i e t i e s  u n d e r  i n v e s t i g a t i o n  ( t a b l e  1 9 ) .  On t h e  t h i r d  day
o f  g e r m i n a t i o n ,  t o t a l  l i p i d s  i n  LAG, and  SML d e c r e a s e d  t o  t r a c e s ,  
w h i l e  i n  AMR, an d  JOR t h e y  d e c r e a s e d  f ro m  1 . 1 7  t o  0 . 1 5  (8 7% ),  and  
f rom 1 . 3 2  to  0 . 2 5 g / 1 0 0 g  (81%) r e s p e c t i v e l y .
C h a n g e s  i n  c r u d e  f i b r e  o f  l e n t i l s  grown  a t  35 ^  ^  t h e  d a r k
D u r i n g  g e r m i n a t i o n  a t  35 C i n  t h e  d a r k ,  t h e r e  w as  a  s u b s t a n t i a l  
i n c r e a s e  i n  c r u d e  f i b r e  i n  a l l  f o u r  l e n t i l  v a r i e t i e s  b e i n g  
t e s t e d  ( t a b l e  1 9 ) .  On t h e  f i f t h  d a y  o f  g e r m i n a t i o n  co m p ar ed  t o  
d r y  s e e d s ,  c r u d e  f i b r e  i n  AMR, LAG, JOR, and SML i n c r e a s e d  f r o m  
4 . 1 0  t o  1 1 .2 7  ( 174% ) ,  f rom 3 . 7 0  t o  1 0 . 8 9  ( 194% ) ,  f rom  4 . 5 4  t o
I I . 3 5  (148% ) ,  and f r o m  4 . 8 6  t o  1 2 . 3 9 g / 1 0 0 g  (155%) r e s p e c t i v e l y .
95
C/J
CN
00
O % ° S S
d S
oo o<3
O
OI-)
CNen
00o NÛO
m
o I
(/)
X
S*
3
o
H
a
<
voO UN .3-CN H
oo oo
(/)
X
nJ
X
c
(CJ
CL)
(L)
X3
L.
U
cd
X
o
X
u
oUNrn
(d
DjOoo
Dû
c/5Cd
X<D
%
(Uu.
X
(L)
Di
I &
M.
O
O
CN
UN mo
m
oo oo
UN
(D
S W)
DO Dû 
C c cd T* 
X
u 3X
3
U)
<U
Di
C/J
vo00
UN
oO
UN
en
d S oô  3 2  o
(T\
en
CN
OO
en
CJN
*S
H (L)l_
X
iÜ
(U
X
3*_
U
Di
Or->
a
<
<*-UN
OIV.
en
CN
en
UNch
UN
ON
OO
ON
CN Oc h
vD
UN
CN
VO
o00
CN
VO
CN
UN
CN
CJN
UN
en vo
9  d
c/5
S'
û
Di
S
<
0)
DO
ON O
en
UN vo  3
CN
O
C h
oô
O
en
e n
CJN 3
CN UN
d
UN
O
c u SC/J B—
II
II
H
96
CHAPTER IV
PROTEINS
INTRODUCTION
BENDER ( 1 9 7 8 )  h a s  r e p o r t e d  t h a t  t h e  u s e f u l n e s s  o f  a p r o t e i n  f o r
t i s s u e  s y n t h e s i s  d e p e n d s  on t h e  amino a c i d  w h i c h  i s  f o u n d  a s  t h e
l o w e s t  am ount  ( l i m i t i n g  a m in o  a c i d ) .  VAN ETTEN ^  (1967 ) h a v e
s t u d i e d  t h e  p o t e n t i a l  o f  s e e d s  ( i . e .  L e g u m i n o s e a e  f a m i l y )  f o r
fo o d  a n d  h a v e  c o n c l u d e d  t h a t  t h e  s e e d s  w e r e  a goo d s o u r c e  o f  low
c o s t  p r o t e i n .  OSER ( 1 9 6 5 )  h a s  r e p o r t e d  t h e  e r r o n e o u s  
g e n e r a l i z a t i o n  t h a t  a l l  p l a n t  p r o t e i n s  a r e  i n c o m p l e t e  o r  p o o r l y  
b a l a n c e d  w i t h  r e s p e c t  t o  t h e i r  e s s e n t i a l  amino  a c i d s .  I n  f a c t ,  
l e a f y  v e g e t a b l e s  a n d  b e a n s ,  a r e  a l m o s t  as  s u i t a b l e  a s  s o u r c e s  o f  
am ino  a c i d s  a s  many o f  t h e  e x p e n s i v e  a n i m a l  p r o d u c t s .
P r o t e i n  i n  f o o d  i s  n o t  a c t u a l l y  d e t e r m i n e d  a s  s u c h ,  b u t  
c o n v e n t i o n a l l y  p r o t e i n  i s  e s t i m a t e d  f r o m  t h e  t o t a l  n i t r o g e n  (N) 
c o n t e n t  u s i n g  a n  e m p i r i c a l  f a c t o r  (PEARSON, 1976 ;  MAURON, 1 9 7 3 ) .  
P r o t e i n s  d i f f e r  i n  a m in o  a c i d s  a n d  t h e r e f o r e  i n  t h e i r  n i t r o g e n  
c o n t e n t ,  e v e n  so  t h e  f a c t o r  6 . 2 5  i s  commonly u s e d  (ADRIAN, 1 9 8 2 ) .  
The f a c t o r  6 . 2 5  h a s  b e e n  u s e d  f o r  l e n t i l s  by many w o r k e r s  (FAG, 
197 0;  H S U e t  a l . ,  1980 ;  EL-NAHRY e t  a l . , 1 9 8 0 ) .
MATERIALS AND METHODS 
D e t e r m i n a t i o n  o f  p r o t e i n s
The p r o t e i n  c o n t e n t s  a r e  u s u a l l y  e v a l u a t e d  by m u l t i p l y i n g  t h e  
n i t r o g e n  p e r c e n t  by t h e  c o e f f i c i e n t  6 . 2 5 .  B e s i d e s  t h e  n i t r o g e n  
d e t e r m i n a t i o n  by t h e  KJELDAHL m e t h o d ,  t h e r e  a r e  s e v e r a l  
a n a l y t i c a l  t e c h n i q u e s  f o r  m e a s u r i n g  p r o t e i n .  T h e s e  c o m p r i s e  
c o l o r i m e t r i c  m e t h o d s  e . g .  dye  b i n d i n g  c a p a c i t y  (MOSSE and
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PERNOLLET, 1 9 8 3 ) .  H o w e v e r ,  i n  t h e  p r e s e n t  s t u d y ,  s i n c e  t h e r e  w e r e  
c h a n g e s  i n  t h e  n a t u r e  o f  t h e  p r o t e i n  u n d e r  t h e  d i f f e r e n t
t r e a t m e n t s ,  t h e  macro-KJELDAHL m e t h o d ,  w h i c h  b a s i c a l l y  ; s t h e
recommended AOAC m e th o d  was u s e d  (OSBORNE and  VOOGT, 1 9 7 8 ) .  I t  i s  
b a s e d  on t h e  f a c t  t h o i , t o x i d a t i o n  by s u l p h u r i c  a c i d  c a u s e s  t h e  
n i t r o g e n  t o  be  c o n v e r t e d  t o  ammonium s u l p h a t e .  A f t e r  m a k i n g  t h e  
s o l u t i o n  a l k a l i n e  w i t h  c o n c e n t r a t e d  s o d iu m  h y d r o x i d e  s o l u t i o n ,  
t h e  ammonia i s  d i s t i l l e d  i n t o  an e x c e s s  o f  b o r i c  a c i d ,  and t h e
ammou n t  o f  NHg i s  e s t i m a t e d  by t i t r a t i n g  a g a i n s t  h y d r o c h l o r i c
a c i d .
R e a g e n t s
1 .  S u l p h u r i c  a c i d  ( c o n c e n t r a t e d ) .
2 .  H y d r o c h l o r i c  a c i d  (O.IN ) .
3 .  B o r i c  a c i d  s o l u t i o n ;  4 0  g b o r i c  a c i d  (HgBOg ) was d i s s o l v e d  i n  
d i s t i l l e d  w a t e r  an d  d i l u t e d  o n  1 l i t r e .
4 .  Sodium h y d r o x i d e  s o l u t i o n ;  500 g o f  s o d iu m  h y d r o x i d e  (NaOH) was 
d i s s o l v e d  i n  1 l i t r e  ( 1 ) d i s t i l l e d  w a t e r .
5 .  C o p p e r  s u l p h a t e  p e n t a h y d r a t e ( CuSO^. 5H2 O ) .
6 . Sodium s u l p h a t e  ( a n h y d r o u s  Na2 SO^ ) .
7 .  Mixed i n d i c a t o r  s o l u t i o n ;  2 g o f  m e t h y l  r e d  a n d  1 g o f  m e t h y l e n e  
b l u e  w e r e  d i s s o l v e d  i n  1 1 e t h a n o l  (96% v / v ) .
8 . G l a s s  b o i l i n g  b e a d s .
D i g e s t i o n
A few g l a s s  b e a d s  w e r e  p l a c e d  i n  a KJELDAHL f l a s k  t o  w h i c h  8 g o f  
Na2 SO^ and 0 . 5  g CuSO^were a d d e d .  One g ,  w e i g h e d  t o  t h e  n e a r e s t  
mg, o f  s e e d s  w,ct^ a l s o  t r a n s f e r r e d  t o  t h e  f l a s k  a n d  25 ml 
s u l p h u r i c  a c i d  was c a r e f u l l y  p o u r e d  i n .  G e n t l e  s w i r l i n g  o f  t h e  
l i q u i d  e n s u r e d  s u f f i c i e n t  m i x i n g .  The f l a s k  was  p l a c e d  o n  a n  
e l e c t r i c  h e a t e r  i n  a n  i n c l i n e d  p o s i t i o n ,  t h e n  h e a t e d  g e n t l y  u n t i l  
f o a m i n g  c e a s e d  a n d  t h e  c o n t e n t s  l i q u e f i e d .
D i g e s t i o n  was  c o m p l e t e d  by b o i l i n g  t h e  m i x t u r e  v i g o r o u s l y  u n t i l  
t h e  l i q u i d  became c l e a r  a n d  o f  a l i g h t  b l u e - g r e e n  c o l o u r  
( a p p r o x i m a t e l y  3 h o u r ) .  The f l a s k  was  o c c a s i o n a l l y  r o t a t e d  w h i l e
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h e a t i n g  b u t  c a u t i o n  was  t a k e n  t o  a v o i d  a n y  s p i l l a g e .  The s o l u t i o n  
was c o o l e d  a n d  50 ml o f  d i s t i l l e d  w a t e r  c a u t i o u s l y  a d d e d .  
D i s t i l l a t i o n  an d  t i t r a t i o n
The c o n t e n t s  o f  t h e  KJELDAHL f l a s k  w e r e  d i l u t e d  w i t h
a p p r o x i m a t e l y  300 ml o f  w a t e r ,  t r a n s f e r r e d  t o  1 1 d i s t i l l a t i o n  
f l a s k ,  to  w h ic h  f r e s h  b o i l i n g  b e a d s  w e r e  a d d e d .  F i f t y  ml o f  b o r i c  
a c i d  s o l u t i o n  w e r e  a d d e d  t o  a c o n i c a l  f l a s k ,  as  w e r e  4  d r o p s  o f  
t h e  i n d i c a t o r .  The f l a s k  was p l a c e d  u n d e r  t h e  c o n d e n s e r  o f  t h e
d i s t i l l a t i o n  a p p a r a t u s  so  t h a t  t h e  o u t l e t  t u b e  d i p p e d  b e l o w  t h e
b o r i c  a c i d - i n d i c a t o r  s o l u t i o n .  One h u n d r e d  ml o f  NaOH s o l u t i o n  
was a d d e d  c a r e f u l l y  t o  t h e  d i s t i l l a t i o n  f l a s k .  The m i x t u r e  was  
d i s t i l l e d  t o  g i v e  b e t w e e n  a  minimum d i s t i l l a t e  o f  150 ml  an d  a 
maximum o f  250 m l .  I f  b u m p in g  was  i r r e g u l a r  a f t e r  150 ml  t h e
d i s t i l l a t i o n  was d i s c o n t i n u e d
J u s t  p r i o r  t o  t e r m i n a t i n g  d i s t i l l a t i o n ,  t h e  r e c e i v i n g  f l a s k  was  
l o w e r e d ,  so t h a t  t h e  o u t l e t  t u b e  w as  a b o v e  t h e  l i q u i d  l e v e l .  The 
c o n d e n s e r  an d  t h e  o u t l e t  t u b e  w e r e  w a s h e d  down i n t o  t h e  r e c e i v e r .  
The c o n t e n t s  o f  t h e  r e c e i v i n g  f l a s k  w e r e  t i t r a t e d  w i t h  HCl ,  an d  
t h e  v o lu m e  n o t e d .  A b l a n k  t e s t  was  c o n d u c t e d  a t  t h e  same t i m e ,  
f o l l o w i n g  t h e  same p r o c e d u r e  e x a c t l y ,  e x c e p t  t h a t  no s a m p l e  was  
a d d e d  h e r e .
C a l c u l a t i o n
W e ig h t  ( g )  o f  t e s t  s a m p l e  =W
Volume (m l )  o f  HCl u s e d  f o r  b l a n k  =Vf
Volume ( m l )  o f  HCl u s e d  f o r  s a m p l e
N o r m a l i t y  o f  HCl s o l u t i o n  =N
T o t a l  n i t r o g e n  (%)
(V2~ Vj) X N X 0 .014 X 100 
W
(V j- V,) X N X 0.014 X 100 X 6.25
C ru d e  p r o t e i n  (%) = -------------------------------
W
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PROTEIN IN DRY LENTIL SEEDS
RESULTS ANDDISCUSSION
The p r o t e i n  v a l u e s  w e r e  f o u n d  t o  b e  2 4 . 1 4 ,  2 6 . 4 3 ,  2 5 . 3 5 ,  and
2 7 . 5 7  g / lO O g d r y  w e i g h t  f o r  AMR, LAG, JOR, and SML r e s p e c t i v e l y  
( t a b l e  20  ) .
T h e s e  r e s u l t s  a r e  c o m p a r a b l e  w i t h  t h o s e  o f  EL- NAHRY ^  a l . 
(19 80  ) who o b s e r v e d  t h a t  p r o t e i n  c o n t e n t  o f  t h e  E g y p t i a n  a n d
P a k i s t a n i  v a r i e t i e s  e . g .  G i z a  9 ,  f a m i l y  9 1 ,  and f a m i l y  195 v a r i e d  
f rom 2 5 . 4  to  2 7 . 5  g / l O O g .  A l s o  h i g h e r  c o n t e n t s  e . g .  3 0 . 3 g / 1 0 0 g  o f  
some l e n t i l  v a r i e t i e s  h a v e  b e e n  r e p o r t e d  ( BHATTY e t  a t . ,  1 9 7 6 ) .
On t h e  o t h e r  h a n d ^ l o w e r  p r o t e i n  c o n t e n t  v a r y i n g  b e t w e e n  2 0 . 2  ajuJl
2 2 . 9  g / lO O g  h a s  b e e n  r e p o r t e d  f o r  some I n d i a n  v a r i e t i e s  ( VERMA
e t  a l . ,  1977 ) .  Among l e g u m e s ,  y e l l o w  p e a s  a n d  l e n t i l s  t e n d  t o
h a v e  n e a r l y  t h e  same p r o t e i n  c o n t e n t s  ( 26% ) ,  w h i l e  f a b a  b e a n s
t e n d  t o  h av e  h i g h e r  v a l u e s  ( 30%) ( HSU e t  a l . , 1980 ) .  L e n t i l s
h a v e  a h i g h e r  p r o t e i n  c o n t e n t  co m pared  t o  c e r e a l s ,  e . g .  f o r  
l e n t i l s ,  w h e a t  and r i c e  i t  i s  2 3 . 7 ,  9 . 3 ,  and 6 . 5  g / lO O g
r e s p e c t i v e l y  ( SAINT-CLAIR, 1972 ) .
3 .  C h a n g e s  i n  p r o t e i n  c o n t e n t  i n  t h e  d a r k
The r o l e  o f  p r o t e i n  i n  s e e d s  i s  s t i l l  o b s c u r e ,  an d  g e r m i n a t i o n  
i n v o l v e s  v a r i e d  a n d  i n t e n s e  b i o l o g i c a l  a c t i v i t i e s  an d  o n e  can 
t h e r e f o r e  a s su m e  t h a t  p r o t e i n  p r o v i d e s  t h e  raw m a t e r i a l s  f o r  such  
a c t i v i t i e s  ( BERK, 1976 ) .  C o n t r a d i c t o r y  r e s u l t s  a b o u t  c h a n g e s  i n  
s e e d  p r o t e i n  h a v e  b e e n  r e p o r t e d  by some w o r k e r s .  An i n c r e a s e  i n  
p r o t e i n  c o n t e n t  a s  a  r e s u l t  o f  g e r m i n a t i o n  h a s  b e e n  r e p o r t e d  by 
some w o r k e r s  ( KYLEN an d  McCREADY, 1 975 ;  FORDHAM ^  a l . , 1975 ) .
On t h e  o t h e r  h an d  BEEVERS an d  GUERNSEY ( 1 9 6 6 )  h a v e  shown t h a t
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d u r i n g  t h e  g e r m i n a t i o n  o f  p ea s  i n  t h e  d a r k  p r o t e i n  c o n t e n t
d e c l i n e d .  MAYER and POLJAKOFF-MAYBER ( 1 9 7 5 )  h a v e  r e p o r t e d  t h a t  
m e t a b o l i c  c h a n g e s  t h a t  o c c u r  t o  s t o r a g e  p r o t e i n s  i n c l u d e  t h e
b r e a k d o w n  o f  p r o t e i n s  a n d  t h e  s y n t h e s i s  o f  new o n e s ,  b u t  t h e  
e x a c t  t im e  o f  p r o t e i n  s y n t h e s i s  seems t o  b e  r a t h e r  v a r i a b l e .
4 .  C h a n g e s  i n  p r o t e i n  a m in o  a c i d s
YOUNG and VARNER ( 1 9 5 9 )  h a v e  r e p o r t e d  t h a t  a n e t  s y n t h e s i s  o f  
enzyme p r o t e i n  d u r i n g  g e r m i n a t i o n  p o s s i b l y  a c c o u n t s  f o r  a m a j o r  
p o r t i o n  o f  t h e  p r o t e i n  i n c r e a s e .  D u r i n g  g e r m i n a t i o n ,  t h e r e  i s  
p r o b a b l y  a t u r n o v e r  o f  p r o t e i n  a n d  a m in o  a c i d s ,  w i t h  t h e  b a l a n c e  
b e t w e e n  s y n t h e t i c  a n d  d e g r a d a t i v e  p r o c e s s  d e t e r m i n i n g  t h e
r e s u l t a n t  p a t t e r n  (CHEN an d  THACKER, 1 9 7 8 ) .  How ever ,  i t  i s  w e l l  
known t h a t  g e r m i n a t i o n  i n c r e a s e s  t h e  p r o t e i n  q u a l i t y  o f  c e r e a l s  ( 
WALKER and KCglHAR, 1982 ;  WANG and FIELD, 1 9 7 8 ) .
E f f e c t  o f  g e r m i n a t i o n  a t  25 C i n  t h e  d a r k  on p r o t e i n  c o n t e n t s  
RESULTS AND DISCUSSION
T h e r e  i s  a d e c r e a s e  i n  p r o t e i n  c o n t e n t  i n  a l l  f o u r  v a r i e t i e s  
d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e  d a r k  ( t a b l e  2 0 ,  p . 1 0 0 ) .
On t h e  f i f t h  d a y  a f t e r  g e r m i n a t i o n  c o m p ar ed  t o  d r y  s e e d s ,  t h e  
d e c r e a s e  was  a s  f o l l o w s  : AMR from 2 4 . 1  to  1 5 . 6  (3 5% ),  LAG from
2 6 . 4  t o  1 6 . 2  ( 3 8 . 6 ) ,  JOR from 2 5 . 4  t o  1 6 . 3  ( 3 6 % ) ,  and  SML from 
2 7 . 6  t o  1 8 . 0 g / 1 0 0 g  (3 4 % ) .  SML l o s t  l e s s  p r o t e i n  (34%) w h i l e  LAG 
l o s t  t h e  m o s t  ( 3 8 . 6 % ) .
D u r i n g  g e r m i n a t i o n ,  t h e  p r o t e i n  i s  d e p l e t e d ,  and a m in o  a c i d s  a r e  
r e l e a s e d  f r o m  p r o t e i n  by h y d r o l y s i s  (BEEVERS an d  GUERNSEY, 1 9 6 6 ) .  
The a b o v e  s u g g e s t i o n  may e x p l a i n  t h e  r e d u c t i o n  i n  p r o t e i n  c o n t e n t  
d u r i n g  g e r m i n a t i o n .
The r e s u l t s  o b t a i n e d  f r o m  t h e  p r e s e n t  s t u d y  a g r e e  w i t h  t h o s e
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r e p o r t e d  by AMAN ( 1 9 7 9 )  who h a s  r e p o r t e d  a 14% d e c r e a s e  i n
p r o t e i n  on t h e  t h i r d  day o f  g e r m i n a t i o n  o f  mung b e a n s ,  and
PALIAN0 and JULIANO ( 1 9 7 2 )  a 52% d e c r e a s e  i n  5 d a y - o l d  r i c e
s e e d l i n g s .  O t h e r  w o r k e r s  h a v e  a l s o  r e p o r t e d  a r e d u c t i o n  i n  
p r o t e i n  c o n t e n t  i n  o t h e r  g e r m i n a t e d  s e e d  l e g u m e s  (BEEVERS, 1968;  
DESHMUSHI and SOHONIE, 1966 ;  CHEN an d  THACKER, 1 9 7 8 ) .
On t h e  o t h e r  h a n d ,  o p p o s i t e  c o n t r a d i c t o r y  r e s u l t s ,  an i n c r e a s e  i n  
p r o t e i n  a s  a r e s u l t  o f  g e r m i n a t i o n  i n  t h e  d a r k ,  h a v e  b e e n
r e p o r t e d  by some w o r k e r s .  On a d r y  w e i g h t  b a s i s ,  t h e  p r o t e i n
c o n t e n t  o f  g e r m i n a t e d  p e a s  a n d  b e a n s  r a n g e s  f rom 2 1 .2  t o  32.6%
w h i c h  i s  c o m p a r a b l e  t o  2 0 . 0  t o  29.5% i n  d ry  s e e d s  ( CHEN ^  a l . ,
1 9 7 5 ) .
KYLEN and McCREADY ( 1 9 7 5 ) ,  h a v e  f o u n d  t h a t  th e  p r o t e i n  c o n t e n t  o f  
a l l  s p r o u t s  w as  h i g h e r  th a n  t h a t  o f  s e e d s  e . g .  from 106.6% o f
t h e  o r i g i n a l  i n  l e n t i l s  t o  119% i n  mung b e a n s  a f t e r  t h e  t h i r d  day
o f  g e r m i n a t i o n .
Of t h e  a b o v e ,  t h o s e  who h a v e  r e p o r t e d  a n  i n c r e a s e  i n  p r o t e i n ,
h a v e  s u g g e s t e d  t h a t  t h e  i n c r e a s e  i n  p r o t e i n  may h av e  b e e n  due to  
a n e t  s y n t h e s i s  o f  e n z y m ic  p r o t e i n  a s  h a s  b e e n  p r e v i o u s l y  
s u g g e s t e d  by YOUNG and VARNER ( 1 9 5 9 ) .  But  ev en  t h o u g h  t h e r e  i s  
some s y n t h e s i s  o f  new p r o t e i n s ,  t h e i r  r a t e s  o f  f o r m a t i o n  may b e  
s l o w e r  t h a n  t h o s e  o f  i t s  d e c r e a s e  t h r o u g h  h y d r o l y s i s ,  t h u s  
s h o w in g  a n  o v e r a l l  d e c r e a s e .  Some o f  t h e  b r e a k d o w n  p r o t e i n s  may 
be u s e d  d i r e c t l y  f o r  t h e  s y n t h e s i s  o f  new amino a c i d s  o r  may b e  
c o n v e r t e d  t o  o t h e r  am ino  a c i d s  o r  may be  u s e d  a s  a c a r b o n  s o u r c e  
f o r  c a r b o h y d r a t e  and l i p i d  s y n t h e s e s  (HURST, 1 9 7 0 ) .  S i n c e  t h e r e  
a r e  s e v e r a l  s t e p s  i n  t h e  s y n t h e s i s  a n d  i n  t h e  m e t a b o l i s m  o f  
p r o t e i n ,  i t  i s  n o t  s u r p r i s i n g  t h a t  d i f f e r e n t  r e s u l t s  a r e  o b t a i n e d  
w i t h  d i f f e r e n t  s e e d s .  E v e n t u a l l y ,  i t  i s  t h e  b a l a n c e  b e t w e e n  
s y n t h e s i s  a n d  m e t a b o l i s m  w h ich  i s  i m p o r t a n t :  w i t h  h i g h e r
s y n t h e s i s / m e t a b o l i s m  r a t i o  t h e r e  i s  a n  i n c r e a s e  and  t h e  r e v e r s e  
r a t i o  a  d e c r e a s e  i n  p r o t e i n .  I t  s h o u l d  n o t  b e  a s s u m e d  h o w e v e r ,  
t h a t  t h e r e  i s  no p r o t e i n  s y n t h e s i s  i n  t h e  d a r k .
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E f f e c t  o f  l i g h t  on p r o t e i n  c o n t e n t  o f  l e n t i l s  grown 
a t  25 C i n  t h e  l i g h t
RESULTS AND DISCUSSION
I n  t h i s  s t u d y ,  t h e  p r o t e i n  c o n t e n t  o f  a l l  f o u r  v a r i e t i e s  was  
q u a n t i f i e d  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e  l i g h t  ( t a b l e  2 1 ) .
On t h e  5 t h  d ay  o f  g e r m i n a t i o n  t h e  p r o t e i n  c o n t e n t  o f  AMR, LAG, 
JOR, and SML d e c r e a s e s  f rom 2 4 . 1 4  t o  1 7 . 3 0 ( 2 8 % ) ,  f rom 2 6 . 4 3  to  
1 9 . 2 4 ( 2 7 % ) ,  f rom 2 5 . 3 5  to  1 8 . 2 5 ( 2 8 % )  and f ro m  2 7 . 5 7  t o  
2 0 . 2 5 g / 1 0 0 g  (25%) r e s p e c t i v e l y .  The a v e r a g e  p r o t e i n  c o n t e n t  o f
a l l  l e n t i l  v a r i e t i e s  on t h e  f i f t h  d a y  o f  g e r m i n a t i o n  i n  l i g h t  i s  
a p p r o x i m a t e l y  74%.
D i f f e r e n t  e f f e c t s  o f  l i g h t  on p r o t e i n  d u r i n g  g e r m i n a t i o n  h a v e  
b e e n  r e p o r t e d  by d i f f e r e n t  w o r k e r s .  The r e s u l t s  o f  t h i s  s t u d y  
a g r e e  w i t h  t h o s e  o f  PALMIANO and JULIANO ( 1 9 7 2 )  who h av e  r e p o r t e d  
t h a t  p r o t e i n  c o n t e n t  o f  r i c e  g r a i n s  g e r m i n a t e d  f o r  5 d ay s  i n  
l i g h t  d e c r e a s e d  f r o m  1 . 3 6  t o  0 . 9 2  m g / g r a i n .  RACUSEN an d  ARONOFF 
( 1 9 5 4 )  h a v e  r e p o r t e d  t h a t  CO2 was a s s i m i l a t e d  i n t o  t h e  p r o t e i n  o f  
so y  b e a n s  l e a v e s  i n  t h e  l i g h t  d u e  t o  r e s y n t h e s i s  o f  p r o t e i n ,  ev e n  
th o u g h  t h e  t o t a l  p r o t e i n  was  on t h e  d e c l i n e .  S o ,  w h a t  i s  
i m p o r t a n t  i s  t h e  b a l a n c e  b e t w e e n  s y n t h e s i s  an d  h y d r o l y s i s  ( 
b r e a k d o w n )  o f  p r o t e i n  d u r i n g  i l l u m i n a t i o n .  A l s o  t h e  r e s u l t s  o f  
t h e  p r e s e n t  s t u d y  a g r e e  w i t h  t h o s e  o f  HAMILTON and VANDERSTOEP 
( 1 9 7 9 )  who have  r e p o r t e d  t h a t  t h e  p r o t e i n  o f  a l f a l f a  s e e d s  
g e r m i n a t e d  f o r  5 days  d e c r e a s d  by 8 %.
I l l u m i n a t i o n  i n c r e a s e s  t h e  a c t i v i t y  o f  some enzymes  (CHEN ^  a l . , 
1 9 6 7 )  an d  t h i s  r e s u l t s  i n  g r e a t e r  p r o t e i n  s y n t h e s i s ,  and 
t h e r e f o r e  t h e  p r o t e i n  a p p e a r s  t o  b e  g r e a t e r  i n  i l l u m i n a t e d  t h a n  
i n  d a r k  grown s e e d l i n g s .
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P r o t e i n  c o n t e n t  o f  l e n t i l s  g e r m i n a t e d  a t  35 C i n  t h e  d a r k
T a b l e  2 2 ,  f i g .  10 show t h a t  t h e  h i g h  t e m p e r a t u r e  (35 C) d u r i n g
g e r m i n a t i o n  h a s  d e c r e a s e d  t h e  p r o t e i n  o f  a l l  f o u r  v a r i e t i e s
s t u d i e d  c o m p ared  t o  d r y  s e e d s .
I n  AMR, on t h e  f i f t h  d a y  of  g e r m i n a t i o n ,  p r o t e i n  h a d  d e c r e a s e d  
f rom 2 4 . 1 4  t o  1 2 . 8 6  g / lO O g  (4 7% ),  i n  LAG i t  d e c r e a s e d  f rom  2 6 . 4 3  
t o  1 3 . 1 0 g / 1 0 0 g  (5 0% ),  i n  JOR from 2 5 . 3 5  to  1 4 . 6 4  (42%) and i n  SML 
from 2 7 . 5 7  t o  1 6 . 2 5 g / 1 0 0 g  (40% ).
From t h e  ab o v e  r e s u l t s  two c o n c l u s i o n s  can  be d raw n :
1 ) d u r i n g  t h e  f i r s t  two d a y s  o f  g e r m i n a t i o n ,  t h e  h i g h e r  
t e m p e r a t u r e  (35 C) h a s  a more  i n f l u e n t i a l  e f f e c t  on p r o t e i n
h y d r o l y s i s  an d
2 ) f o r  t h e  r e s t  o f  t h e  g e r m i n a t i o n  p e r i o d  t h e  r a t e  o f  d e c r e a s e  i n  
p r o t e i n  i n  t h e  f o u r  v a r i e t i e s  u n d e r  i n v e s t i g a t i o n  i s  h i g h e r  t h a n  
t h a t  a t  25 C i n  t h e  d a r k .
P r o t e i n  am ino  a c i d s
INTRODUCTION
P r o t e i n  u t i l i z a t i o n  i s  a  f u n c t i o n  o f  t h e  am ino  a c i d s  p r e s e n t .  The 
am ino  a c i d s  p l a y  an  i m p o r t a n t  r o l e  i n  d e t e r m i n i n g  t h e  n u t r i t i v e  
v a l u e  o f  a  p r o t e i n .  T h e r e  a r e  e i g h t  e s s e n t i a l  amino a c i d s ,  
t r y p t o p h a n ,  l y s i n e ,  t h r e o n i n e ,  v a l i n e ,  l e u c i n e ,  i s o l e u c i n e ,  
m e t h i o n i n e  an d  p h e n y l a l a n i n e .  H i s t i d i n e  i s  a l s o  c o n s i d e r e d  
e s s e n t i a l  f o r  i n f a n t s .  OSER ( 1 9 6 5 )  h a s  r e p o r t e d  t h a t  " e s s e n t i a l "  
and " n o n - e s s e n t i a l "  amino a c i d s  a r e  i m p o r t a n t  i n  one  way o r  
a n o t h e r  f o r  t h e  m e t a b o l i c  p r o c e s s e s  o f  t h e  b o d y .  A p r o t e i n  o f  
h i g h  n u t r i t i v e  v a l u e  i s  one w h i c h  s u p p l i e s  a n  a d e q u a t e  a m o u n t ,  
n o t  o n l y  o f  e s s e n t i a l  b u t  a l s o  o f  n o n - e s s e n t i a l  o n e s  t o  m i n i m i z e  
t h e  r e q u i r e m e n t  f o r  t h e i r  s y n t h e s i s .  The p r e s e n c e  o f  low
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Fig. 10: Changes in protein of lentil varieties germinated in the dark
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i n a d e q u a t e  am o u n t  o f  ev e n  one o f  t h e  e s s e n t i a l  am ino a c i d s  may be  
a l i m i t i n g  f a c t o r  i n  t h e  b i o l o g i c a l  v a l u e  of  a p r o t e i n .
Most  le g u m e  s e e d s  a p p e a r  t o  b e  s l i g h t l y  d e f i c i e n t  i n  i s o l e u c i n e ,  
t r y p t o p h a n  o r  v a l i n e ,  b u t  h i s t i d i n e  i s  u s u a l l y  v e r y  l i m i t i n g  ( 
EVANS an d  BANDEMER, 1 9 6 7 ) .
P r o t e i n  h y d r o l y s i s
The am in o  a c i d  c o m p o s i t i o n  o f  a p r o t e i n  i s  d e t e r m i n e d  by 
h y d r o l y s i s  o f  t h e  p r o t e i n  t o  a m i x t u r e  o f  amino a c i d s  by 
s p l i t t i n g  t h e  p e p t i d e  l i n k a g e s .  The m i x t u r e  of  amino a c i d s  
a c c u r a t e l y  r e f l e c t s  t h e  am ino a c i d  o f  t h e  h y d r o l y s a t e s  a n d  w i l l  
a l l o w  t h e  c o m p o s i t i o n  o f  t h e  o r i g i n a l  p r o t e i n  t o  b e  r e a d i l y  
o b t a i n e d  ( BLACKBURN, 1 9 6 8 ) .
A c i d  h y d r o l y s i s  ( u s i n g  HCl)  g i v e s  good r e s u l t s  f o r  t h e  a c i d -  
s t a b l e  am ino  a c i d s ,  e . g .  a l l  t h o s e  commonly o c c u r r i n g  i n  f o o d  
p r o t e i n  e x c e p t  c y s t i n e ,  c y s t e i n e ,  m e t h i o n i n e  and t r y p t o p h a n  w h i c h  
a r e  l a b i l e  u n d e r  a c i d  h y d r o l y s i s ,  and r e q u i r e  a s e p a r a t e  m e t h o d  ( 
OSBORNE an d  VOOGT, 1 9 7 8 ) .  How ever ,  t h e  amino a c i d s  t h a t  a r e  
l a b i l e  u n d e r  a c i d i c  c o n d i t i o n s  ca n  be d e t e r m i n e d  by a l k a l i  
h y d r o l y s i s ,  i n  p a r t i c u l a r  t r y p t o p h a n  ( BLACKBURN, 1 9 6 8 ) ,  and s o  
i n  t h e  p r e s e n t  s t u d y  b o t h  a c i d  a n d  a l k a l i  h y d r o l y s e s  o f  p r o t e i n s  
w e r e  c a r r i e d  o u t »
A c i d  h y d r o l y s i s
To 25 mg o f  t h e  d r i e d  r e s i d u e  ( f ro m  t h e  f r e e  am ino  a c i d s
d e t e r m i n a t i o n  Pl26^> 10 ml  o f  6N HCl was a d d e d  a n d  t h e  m i x t u r e
h y d r o l y s e d  i n  a b o i l i n g  w a t e r  b a t h  f o r  20 h o u r s .  A f t e r  f i l t r a t i o n
u s i n g  Whatman No 1 f i l t e r  p a p e r ,  t h e  pH of  t h e  h y J ^ o l y s a t e  was
a d j u s t e d  t o  2 + . 0 . 1  w i t h  5 N NaOH.
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A l k a l i n e  h y d r o l y s i s
To 25 rag o f  t h e  f i r i e d  r e s i d u e  ( P126)> 10 ml o f  5N-NaOH was
a d d e d .  T h i s  was  h y d r o l y s e d  i n  a b o i l i n g  w a t e r  b a t h  f o r  15 h o u r s .  
A f t e r  f i l t r a t i o n  t h r o u g h  a Whatman No 1 f i l t e r  p a p e r ,  t h e  pH of  
t h e  s o l u t i o n  was  a d j u s t e d  t o  2 + 0 . 1  w i t h  5N H Cl .
E s t i m a t i o n  o f  t h e  i n d i v i d u a l  amino a c i d s
The o r i g i n a l  s e p a r a t i o n  p r o c e d u r e  o f  SPACKMAN e t  a l . ( 1 9 5 8 )  i s  
s t i l l  t h e  m o s t  w i d e l y  u s e d .  The s e p a r a t i o n  a n d  q u a n t i t a t i v e  
d e t e r m i n a t i o n  o f  t h e  am ino  a c i d s  was  c a r r i e d  o u t  u s i n g  a n  a m i n o  
a c i d  a n a l y s e r  ( JOEL Model  JLC 6AH).  The s a m p l e  i s  pumped down 
t h r o u g h  t h e  co lumn f i l l e d  w i t h  i o n - e x c h a n g e  r e s i n  ( L C R -2 ) .  The 
r e s i n  r e t a r d s  t h e  amino  a c i d s  a n d  e a c h  one i n  a b u f f e r  s o l u t i o n  
em e r g e s  a f t e r  a c h a r a c t e r i s t i c  l e n g t h  o f  t i m e .  The e f f l u e n t  i s  
m et  by a c a p i l l a r y  s t r e a m  o f  n i n h y d r i n  r e a g e n t .  The c o l o u r  i s  
d e v e l o p e d  by p a s s i n g  t h e  m i x t u r e  o f  r e a g e n t  and e f f l u e n t  t h r o u g h  
a s p i r a l ,  c a p i l l a r y  T e f l o n  t u b i n g  i m m e r s e d  i n  a b o i l i n g  w a t e r  
b a t h .  The a b s o r b a n c e  o f  t h e  r e s u l t i n g  s o l u t i o n  i s  m e a s u r e d  c o n t i ­
n u o u s l y  a t  570 an d  440 nm as  i t  f l o w s  t h r o u g h  a c y l i n d r i c a l  
g l a s s  c e l l .  The p e a k s  on t h e  c u r v e s  can be  i n t e g r a t e d  w i t h  a 
p r e c i s i o n  o f  100 +3% f o r  l o a d s  f rom 0 . 1  to  3 ^ ^ o l e  f o r  e a ch  amino 
a c i d  ( SPACKMAN e t  a l ^ ,  1 9 5 8 ) .
The am oun t  o f  amino a c i d s  i n  e a c h  s a m p l e  i s  c a l c u l a t e d  by 
c o m p a r i s o n  o f  p e a k  a r e a s  w i t h  t h o s e  o b t a i n e d  u s i n g  a  c a l i b r a t i o n  
m i x t u r e  a s  d e s c r i b e d  by EVELEIGH an d  WINTER ( 1 9 7 9 )  ( f i g . 1 1 ) .  The 
c a l i b r a t i o n  m i x t u r e  o f  amino a c i d s  was  e x p r e s s e d  i n  ^ m o l e .  I n  
o r d e r  t o  c o n v e r t  t h e  v a l u e s  f o r  am in o  a c i d s  i n t o  g w e i g h t ,  a 
m o d i f i e d  f o r m u l a  was u s e d  t o  i n c l u d e  t h e  m o l e c u l a r  w e i g h t s  o f  
i n d i v i d u a l  amino a c i d s .
— 6
W e ig h t  o f  amino a c i d  ( g )  i n  s a m p l e  = ^ o l e s  am in o  a c i d  x M xlO 
w h e r e  M = M o l e c u l a r  w e i g h t  o f  e a ch  am ino  a c i d .
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F i g .  1 1 .  Amino a c i d  a n a l y s i s  by a u t o m a t i c  amino a c i d  a n a l y s e r  
(S t a n d a r d s )
F o l l o w i n g  key a p p l i e s  to  f i g .  11 and 12
1 . Tryptophan
2 .  L y s i n e
3 .  H i s t i d i n e
4 .  Ammonia
5 .  A r g i n i n e
6 .  A s p a r t i c  a c i d
7 .  T h r e o n in e
8 .  S e r i n e
9 .  G lu ta m ic  a c i d
10 .  P r o l i n e
1 1 .  G l y c i n e
1 2 .  A l a n i n e
1 3 .  C y s t e i n e
14 .  V a l i n e
1 5 .  M ethi one
1 6 .  I s o l e u c i n e
1 7 .  L e u c in e  
18 . T y r o s i n e
19 .  P h e n y l a l a n i n e
111
■ - «rr-. f- '* ' ! - • • - u—»-r*.
112
PROTEIN AMINO ACIDS OF DRY LENTIL SEEDS
I n  t h e  p r e s e n t  s t u d y  ( t a b l e  2 3 )  e i g h t e e n  a n im o  a c i d s  p l u s  
ammonia w e r e  i d e n t i f i e d ,  and t h e  amino  a c i d s  w e r e :  t r y p t o p h a n ,
l y s i n e ,  h i s t i d i n e ,  a r g i n i n e ,  a s p a r t i c  a c i d ,  t h r e o n i n e ,  s e r i n e ,  
g l u t a m i c  a c i d ,  p r o l i n e ,  g l y c i n e ,  a l a n i n e ,  c y s t e i n e ,  v a l i n e ,  
m e t h i o n i n e ,  i s o l e u c i n e ,  l e u c i n e ,  t y r o s i n e  and p h e n y l a l a n i n e .  The 
t o t a l  p r o t e i n  a m in o  a c i d s  o f  AMR, LAG, JOR and SML a r e  8 0 . 8 ,  
8 3 . 5 ,  8 1 . 9 ,  an d  8 2 . 6  g / lO O g  p r o t e i n  r e s p e c t i v e l y .  LAG h a s  t h e
h i g h e s t ,  w h i l e  AMR t h e  l o w e s t .
A s p a r t i c  a c i d ,  g l u t a m i c  a c i d  a n d  a r g i n i n e  a r e  t h e  m o s t  a b u n d a n t  
o n e s .  T r y p t o p h a n  c o n t e n t  ( t a b l e  2 3 )  r a n g e d  f r o m  0 . 7 8  t o  
0 . 9 1 g / 1 0 0 g  p r o t e i n ,  a s l i g h t l y  h i g h e r  v a l u e  o f  1 . 1 4 g / 1 0 0 g  p r o t e i n  
h a s  b e e n  r e p o r t e d  by VERMA e£  a l . ( 1 9 7 7 )  f o r  l e n t i l s .  The
m e t h i o n i n e  c o n t e n t  v a r i e d  f ro m  0 . 5 0  t o  0 . 7 0 g / 1 0 0 g  p r o t e i n ;  
s i m i l a r  r e s u l t s  h a v i n g  b e e n  r e p o r t e d  by BHATTY ^  ( 1 9 7 6 )  and
by VERMA ejt al_. ( 1 9 7 7 ) .  H i s t i d i n e  c o n t e n t  ( t a b l e  2 3 )  r a n g e d  f r o m
1 . 9  t o  2 . 0  g / lO O g p r o t e i n  a n d  t h e r e f o r e  l e n t i l s  a r e  n o t  v e r y  
d e f i c i e n t  i n  t h i s  am in o  a c i d .  T h i s  r e s u l t  i s  i n  d i s a g r e e m e n t  w i t h  
t h a t  o f  EVANS an d  BANDEMER ( 1 9 6 7 )  who hav e  r e p o r t e d  t h a t  legu me 
s e e d s  a r e  g e n e r a l l y  v e r y  d e f i c i e n t  i n  h i s t i d i n e .
I n  t h e  p r e s e n t  s t u d y ,  t h e  d i f f e r e n c e s  i n  t o t a l  amino a c i d s  o f  t h e  
f o u r  v a r i e t i e s  w e r e  n o t  s i g n i f i c a n t .  T h i s  i s  i n  a g r e e m e n t  w i t h  
t h e  s u g g e s t i o n  o f  MOSSE an d  PERNOLLET ( 1 9 8 3 )  who have  r e p o r t e d  
t h a t  t h e  s e e d  p r o t e i n  c o n t e n t  o f  d i f f e r e n t  v a r i e t i e s  d o e s  n o t  
v a r y  s o  m u ch ,  and t h i s  may e x p l a i n  p a r t i a l l y  why t h e  d i f f e r e n c e s  
i n  t o t a l  am ino  a c i d s  a r e  o f t e n  n o t  s i g n i f i c a n t .
C h a n g e s  i n  p r o t e i n  am in o  a c i d s  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e
d a r k
T a b l e  23 ( p . 113 ) shows t h e  c h a n g e s  i n  p r o t e i n  a m in o  a c i d s  d u r i n g  
g e r m i n a t i o n  a t  25 C i n  t h e  d a r k .  On t h e  f i f t h  d a y  o f  g e r m i n a t i o n  
co m p a r e d  t o  d r y  s e e d s ,  p r o t e i n  a m i n o  a c i d s  i n  AMR d e c r e a s e d  f r o m
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8 1 . 9  t o  5 1 . 9 ,  LAG from 8 3 . 6  to  5 1 . 7 ,  JOR from 8 1 . 9  t o  5 2 . 8  a n d  
SML from 8 2 . 6  to  5 2 . 4  g / lO O g  p r o t e i n .  I n  a l l  t h e  v a r i e t i e s  a few 
amino a c i d s  i n c r e a s e d  e . g .  l y s i n e  an d  g l u t a m i c  a c i d ,  w h i l e  a l l  
t h e  o t h e r  amino a c i d s  d e c r e a s e d .
T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  HSU e_t a l . ( 1 9 8 0 )
and o f  CHEN and THACKER ( 1 9 7 8 )  who h a v e  r e p o r t e d  an i n c r e a s e  i n  
some amino a c i d s  i n  g e r m i n a t e d  l e n t i l s  and p e a s .  On t h e  o t h e r  
hand a d e c r e a s e  i n  some or  a l l  e s s e n t i a l  amino a c i d s  i n  
g e r m i n a t e d  s o y b e a n s  and g r e e n  grams h a s  b e e n  r e p o r t e d  by BAU and  
DEBRY ( 1 9 7 9 )  and by KRISHNAMURTHY e t  a ] ^  ( 1 9 8 2 ) .
As can be  s e e n  from t h e  a b o v e  r e s u l t s ,  s t u d i e s  o f  c h a n g e s  i n
amino a c i d s  i n  l e g u m e s  d u r i n g  s e e d  g e r m i n a t i o n  t e n d  t o  show a
g r e a t  d e a l  o f  v a r i a t i o n .
CHANGES ^  PROTEIN AND AMINO ACIDS OF LENTILS DURING GERMINATION 
IN THE LIGHT 25 C ^  ^  ^  DARK ^  15 C
GENERAL INTRODUCTION
STEWARD an d  BIDWELL ( 1 9 6 2 )  h a v e  p o i n t e d  o u t  t h a t  t h e  e n v i r o n m e n t
i n  w h i c h  t h e  p l a n t  grows  h a s  a d e t e r m i n i n g  e f f e c t  on t h e  c o u r s e
o f  n i t r o g e n  m e t a b o l i s m  and o n  t h e  s o l u b l e  compounds  w h i c h  a r e
Z
fo rm ed  a n d  s t o r e d .  LIT^NBERGER ( 1 9 7 3 )  h a s  r e p o r t e d  t h a t  amino
a c i d  c o m p o s i t i o n  s t u d i e s  a r e  u n d e r w a y  i n  some c o u n t r i e s  e . g .  
U .S .A .  and I n d i a  t o  s t u d y  t h e  i n d i v i d u a l  amino a c i d s  a n d  t h e i r
i n t e r a c t i o n  w i t h  b o t h  p r o t e i n  a n d  e n v i r o n m e n t a l  c o n d i t i o n .
McAl i s t e r  an d  BCROBER ( 1 9 5 1 ) grew s o y b e a n  s e e d l i n g s  u n d e r  n a t u r a l  
l i g h t  ( t h e  s e e d l i n g s  w e r e  d e p e n d e n t  up o n  t h e  r e s e r v e s  o f  t h e  
c o t y l e d o n s  t h r o u g h o u t  t h e  g ro w i n g  p e r i o d )  and  h a v e  r e p o r t e d  t h a t  
p r o t e i n  showed a r a p i d  d e c r e a s e  u n t i l  n i n e  d a y s  a f t e r  
g e r m i n a t i o n ,  f o l l o w e d  by a s t e a d y  b u t  much l e s s  r a p i d  d e c r e a s e .  
HAMILTON and VANDERSTOEP ( 1 9 7 9 )  h a v e  fo u n d  t h a t  t h e  p r o t e i n  
c o n t e n t  o f  g e r m i n a t e d  a l f a l f a  s e e d s  was  h i g h e r  a t  72 h l i g h t
115
c o m p ar ed  t o  72 h i n  t h e  d a r k ,  w h i l e  i t  was l o w e r  a t  120 h l i g h t
t h a n  a t  120 h d a r k .  M i n t  p l a n t  t e n d s  t o  p r o m o te  g l u t a m i n e
s y n t h e s i s  i n  t h e  l i g h t  a n d  t h a t  o f  a s p a r a g i n e  i n  t h e  d a r k .  T h i s
i s  a s s o c i a t e d  w i t h  t h e  g e n e r a l  t r e n d  t o w a r d  p r o t e i n  s y n t h e s i s  i n
t h e  l i g h t  and t o w a r d  b r e a k d o w n  i n  t h e  d a r k  ( STEWARD an d  BIDWELL,
1 9 6 2 ) .
E f f e c t  o f  l i g h t  on p r o t e i n  am ino  a c i d s  o f  l e n t i l  s e e d s  grown a t
25 Ç
I n  t h i s  s t u d y  ( t a b l e  24 ) ,  t o t a l  p r o t e i n  a m in o  a c i d s  o f  t h e  f o u r  
v a r i e t i e s  s t u d i e d  d e c r e a s e d  d u r i n g  g e r m i n a t i o n  i n  t h e  l i g h t .
L
On t h e  f i f t h  d a y  o f  g e r m i n a ^ o n  t o t a l  am ino a c i d s  i n  AMR d e c r e a s e d  
f rom 8 0 . 9  t o  5 6 . 8  g / lO O g p r o t e i n ,  i n  LAG from 8 3 . 6  to  5 8 . 3 ,  i n
JOR from 8 1 . 9  t o  5 7 . 4 ,  and i n  SML from 8 2 . 7  t o  6 0 . 1  g / lO O g
p r o t e i n .  D u r i n g  g e r m i n a t i o n  i n  l i g h t  l y s i n e  and g l u t a m i c  a c i d
d e c r e a s e d ,  a s  d i d  t h e  o t h e r  16 am ino  a c i d s .  FARHANGI ( 1 9 8 0 )  h a s  
r e p o r t e d  t h a t  amino a c i d s  o f  d a r k - g r o w n  mung b e a n s  s e e d l i n g s  
s u b j e c t e d  t o  24 h i l l u m i n a t i o n  d e c r e a s e d  s l i g h t l y  f rom 9 6 . 4  t o  
9 4 . 3  g / lO O g  p r o t e i n .
C h an g es  i n  p r o t e i n  am in o  a c i d s  o f  l e n t i l s  d u r i n g  g e r m i n a t i o n  a t
35 ^  j j i  t h e  d a r k
T a b l e  25 shows t h a t  d u r i n g  g e r m i n a t i o n  a t  t h e  h i g h e r  t e m p e r a t u r e
(35 C) i n  t h e  d a r k  t o t a l  am ino a c i d s  o f  t h e  f o u r  v a r i e t i e s  o f
l e n t i l s  t e s t e d  h a s  d e c r e a s e d .
I n  AMR, on t h e  f i f t h  d a y  o f  g e r m i n a t i o n  c o m p ar ed  t o  d r y  s e e d s ,  
t o t a l  amino a c i d s  d e c r e a s e d  f r o m  8 0 . 9  t o  4 3 . 3  g / lO O g  p r o t e i n ,  i n  
LAG t h e y  d e c r e a s e d  f ro m  8 3 . 6  to  4 5 . 2 ,  i n  JOR from 8 1 . 9  t o  4 4 . 5 ,  
and i n  SML from 8 2 . 7  t o  4 6 . 7  g / lO O g p r o t e i n .
D u r i n g  g e r m i n a t i o n  a t  35 C a l l  p r o t e i n  am in o  a c i d s  d e c r e a s e d ,
w h i l e  when g e r m i n a t e d  a t  l o w e r  t e m p e r a t u r e  (25 C) i n  t h e  d a r k ,
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a l l  amino a c i d s  d e c r e a s e d  e x c e p t  f o r  l y s i n e  an d  g l u t a m i c  a c i d  
w h ic h  i n c r e a s e d .  The d e c r e a s e  i n  t o t a l  amino a c i d s  a t  35 C i s  
h i g h e r  t h a n  a t  25 C i n  t h e  d a r k  a n d  h i g h e r  t h a n  s e e d s  g e r m i n a t e d  
i n  t h e  l i g h t  e . g .  t h e  a v e r a g e  t o t a l  am ino  a c i d s  l e f t  a t  25 C i n  
th e  d a r k  i s  64%, w h i l e  t h a t  a t  35 C i n  t h e  d a r k  i s  54%.
The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  a g r e e  w e l l  w i t h  t h o s e  o f  
GEERVANI and THEOPHILUS ( 1 9 8 0 )  vdio h a v e  r e p o r t e d  a d e c r e a s e  i n  
m e t h i o n i n e ,  c y s t e i n e ,  t h r e o n i n e ,  t r y p t o p h a n  a n d  l y s i n e  i n  g r e e n  
gram g e r m i n a t e d  a t  31 C f o r  2 4 h c o m p a r e d  t o  d r y  s e e d s .
C o n t r a d i c t o r y  r e s u l t s  o f  t h e  e f f e c t s  o f  h i g h  t e m p e r a t u r e s  ( i . e .  
ab o v e  25 C) d u r i n g  g e r m i n a t i o n  on t h e  p r o t e i n  a m i n o  a c i d s  o f  
l e g u m es  a n d  c e r e a l s  h a v e  b e e n  r e p o r t e d ,  f o r  e x a m p l e ,  WANG a n d  
FIELD ( 1 9 7 8 )  h a v e  r e p o r t e d  a  l a r g e  i n c r e a s e  i n  l y s i n e ,  
t r y p t o p h a n  a n d  m e t h i o n i n e  o f  c o r n  s e e d s  g e r m i n a t e d  i n  t h e  d a r k  
f o r  6 d a y s  a t  30 C c o m p a r e d  t o  d r y  s e e d s .  TSAI ^  a l . 1 9 7 5 )  h a v e  
r e p o r t e d  a n  i n c r e a s e  i n  l y s i n e  an d  t r y p t o p h a n  i n  g e r m i n a t e d  m a i z e  
s e e d s .  On t h e  o t h e r  h a n d ,  KRISHNAMURTHY a l .  ( 1 9 8 2 )  h a v e  
r e p o r t e d  a d e c r e a s e  i n  t h e  e s s e n t i a l  am ino a c i d s  o f  g e r m i n a t e d  
g re em  g ra m .
T h i s  d i s c r e p a n c y  a b o u t  t h e  c h a n g e s  i n  i n d i v i d u a l  am ino  a c i d s  
d u r i n g  g e r m i n a t i o n  o f  legume an d  c e r e a l  s e e d s ,  may t h e r e f o r e  b e  
due t o  t h e  d i f f e r e n t  m a t e r i a l s ;  c o r n  i n  t h e  one  c a s e  an d  l e g u m e s  
i n  t h e  o t h e r .
GENERAL INTRODUCTION 
P r o t e i n  q u a l i t y  o f  l e n t i l s
The n u t r i t i v e  v a l u e  o f  a p r o t e i n  o r  i t s  q u a l i t y  i s  d e f i n e d  a s  
p r o t e i n  u t i l i z a t i o n  ( KAKADE, 1 9 7 4 ) .  G r o w th  an d  n i t r o g e n  b a l a n c e  
a r e  among p a r a m e t e r s  u s e d  t o  e v a l u a t e  t h e  q u a l i t y  o r  t h e  n u t r i ­
t i v e  v a l u e  o f  a  p r o t e i n  ( BERRY, 1 9 8 1 ) .  BENDER ( 1 9 7 2 )  h a s  
r e p o r t e d  t h a t  i n a d e q u a t e  m e t h o d s  o f  a s s e s s i n g  t h e  n u t r i t i v e  v a l u e
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o f  a p r o t e i n  can  l e a d  t o  f a l s e  c o n c l u s i o n s ,  t h u s  b i o l o g i c a l  v a l u e  
(BV),  n e t  p r o t e i n  u t i l i z a t i o n  ( NPU) an d  p r o t e i n  e f f i c i e n c y  r a t i o  
(PER) w i l l  r e v e a l  c h a n g e s  o n l y  when t h e  l i m i t i n g  a m i n o  a c i d s  a r e  
a f f e c t e d .
The c h e m i c a l  m e t h o d s  a r e  b a s e d  on  t h e  c h e m i c a l  a n a l y s i s  o f  p r o ­
t e i n s  f o r  t h e i r  e s s e n t i a l  am ino  a c i d s ,  and t h e s e  w i l l  d i s c l o s e  
any e x c e s s  o r  d e f i c i t  o f  i n d i v i d u a l  e s s e n t i a l  amino a c i d s  
(SHEFFNER, 1 9 6 7 ) .  The m o s t  common m e t h o d  i s  t h e  " c h e m i c a l  s c o r e " .  
The e s s e n t i a l  amino  a c i d s  a r e  t a k e n  f o r  t h e  e v a l u a t i o n  o f  
p r o t e i n  q u a l i t y  r e l a t i v e  t o  t h e  q u a l i t y  o f  a r e f e r e n c e  p r o t e i n  
e . g .  o f  eg g  p r o t e i n .
A/T Method
The c o n t e n t  o f  e a c h  e s s e n t i a l  am ino  a c i d  i n  a f o o d  p r o t e i n  (Ax) 
i s  e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  c o n t e n t  o f  t h e  same amino  
a c i d  i n  t h e  same q u a n t i t y  o f  eg g  ( A e ) .  The am ino a c i d  s h o w i n g  
t h e  l o w e s t  p e r c e n t a g e  i s  c a l l e d  t h e  l i m i t i n g  a m i n o  a c i d  a n d  t h i s  
p e r c e n t a g e  i s  t h e  c h e m i c a l  s c o r e  o f  t h e  p r o t e i n  ( FAO, 1 9 7 0 ) .
( A x  ) X 100
C h e m i c a l  s c o r e  = -----------------------
( Ae )
I n  t h i s  s t u d y ,  t h e  p r o t e i n  q u a l i t y  u s e d  i s  e x p r e s s e d  i n  t e r m s  o f  
c h e m i c a l  s c o r e  w h i c h  i s  t h e  s c o r e  o f  t h e  l i m i t i n g  a m in o  a c i d  i n  
t h e  p r o t e i n .  Amino a c i d  s c o r e s  ( c h e m i c a l  s c o r e s )  w e r e  c a l c u l a t e d  
by c o m p a r i n g  t h e  e s s e n t i a l  amino  a c i d s  (EAA) i n  l e n t i l  p r o t e i n  
w i t h  t h e  amino a c i d  p a t t e r n  o f  egg ( w h o l e )  a s  r e f e r e n c e  p r o t e i n  
a c c o r d i n g  t o  FAG ( 1 9 7 3 )  an d  o f  OSBORNE and  VOOGT ( 1 9 7 8 )  a s  shown 
i n  A p p e n d ix  2 .
1 2 0
PROTEIN QUALITY OF LENTIL SEEDS
RESULTS AND DISUSSION
From t a b l e  26 i t  ca n  be s e e n  t h a t  t h e  c h e m i c a l  s c o r e  o f  t h e  f o u r  
v a r i e t i e s  v a r i e d  f r o m  22 t o  2 8 .  The m o s t  l i m i t i n g  a m i n o  a c i d s  a r e  
t h e  s u l p h u r  c o n t a i n i n g  a m i n o  a c i d s ,  m e t h i o n i n e  a n d  c y s t e i n e .  N e x t  
t o  t h e s e  come t r y p t o p h a n ,  i s o l e u c i n e  a n d  v a l i n e .  A c h e m i c a l  s c o r e  
o f  31 f o r  l e n t i l s  h a s  b e e n  r e p o r t e d  by FAO ( 1 9 7 0 ) ,  a n d  o f  35 by 
BHATTY ^ t  a l . ( 1 9 7 6 ) .  The AMR a n d  SML h a v e  t h e  h i g h e s t  p r o t e i n  
q u a l i t y ,  w h i l e  JOR h a s  t h e  l o w e s t .
S i m i l a r  r e s u l t s  a b o u t  d e f i c i e n c y  o f  s u l p h u r  am in o  a c i d s  i n  l e n t i l  
p r o t e i n s  h a v e  b e e n  r e p o r t e d  by AL-NAHRY e t  a l . ( 1 9 8 0 ) .  On t h e
o t h e r  h a n d ,  t h e  v a l u e s  f o r  l y s i n e ,  p h e n y l a l a n i n e ,  l e u c i n e  a n d  
i s o l e u c i n e  o b t a i n e d  f r o m  t h i s  s t u d y ,  a r e  l o w e r  t h a n  t h o s e  o f  AL- 
NAHRY e £  a l . ( 1 9 8 0 )  who h a v e  shown t h a t  i n  t h e i r  l e n t i l  c u l t i v a r s  
l y s i n e  a n d  p h e n y l a l a n i n e  w e r e  i n  e x c e s s ,  w h i l e  l e u c i n e  a n d  
i s o l e u c i n e  w e r e  a l m o s t  t h e  same a s  . _ t h o s e  o f  FAO
( 1 9 5 7 ) .
I n  g e n e r a l ,  a n i m a l  p r o t e i n s  a r e  f o u n d  t o  h a v e  b e t t e r  q u a l i t y  e . g .  
h i g h e r  b i o l o g i c a l  v a l u e  t h a n  p l a n t  p r o t e i n s  b e c a u s e  o f  t h e  m o re  
s a t i s f a c t o r y  d i s t r i b u t i o n  i n  s p e c i e s  a n d  a m o u n t s  o f  t h e  v a r i o u s  
amino  a c i d s  p r e s e n t .
N e v e r t h e l e s s ,  a s  h a s  b e e n  shown i n  t h e  p r e s e n t  s t u d y ,  a l l  e s s e n ­
t i a l  am ino a c i d s  h a v e  b e e n  f o u n d  i n  t h e  f o u r  v a r i e t i e s  o f  
l e n t i l s  a n d  t h a t  a l t h o u g h  some o f  them a r e  l i m i t i n g ,  l e n t i l s  a r e  
s t i l l  a  go o d  s o u r c e  o f  a  nu m b er  o f  e s s e n t i a l  am ino  a c i d s .  The 
b e s t  q u a l i t y  p l a n t  p r o t e i n s  a r e  f o u n d  i n  l e g u m e s ,  s u c h  a s  b e a n s ,  
p e a s  a n d  l e n t i l s .
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Ch e m i c a l  s c o r e  o f  e s s e n t i a l  am in o  a c i d s  o f  l e n t i l s  g e r m i n a t e d  a t
25 C t h e  d a r k
T a b l e  26 ( p . l 2 l )  shows t h e  p r o t e i n  q u a l i t y  i . e .  c h e m i c a l  s c o r e s  o f  
i n d i v i d u a l  am ino  a c i d s  o f  l e n t i l  p r o t e i n  d u r i n g  g e r m i n a t i o n  a t  25 
C i n  t h e  d a r k .  On t h e  f i f t h  d a y  o f  g e r m i n a t i o n ,  c o m p a r e d  t o  d r y  
s e e d s ,  t h e  p r o t e i n  c h e m i c a l  s c o r e  i n  AMR, LAG, JOR an d  SML 
d e c r e a s e d  f r o m  28 t o  1 5 ,  f rom  25 to  1 2 ,  22 t o  11 a n d  f r o m  28 t o
15 r e s p e c t i v e l y .
T h e s e  r e s u l t s  a g r e e  w i t h  t h o s e  o f  KRISHNAMURTHY £ t  aj^. ( 1 9 8 2 )  who 
h a v e  r e p o r t e d  a d e c r e a s e  i n  t h e  c h e m i c a l  s c o r e  f rom 45  t o  41 on 
t h e  t h i r d  day o f  g e r m i n a t i o n  o f  g r e e n  g r a m .  NOOR ^  aj^. ( 1 9 8 0 )  
h a v e  r e p o r t e d  l o s s  o f  p r o t e i n  q u a l i t y  o f  g e r m i n a t e d  mung b e a n s ,  
and t h i s  i s  i n  p a r t  d u e  t o  l o s s  o f  m e t h i o n i n e .
The r e s u l t s  o b t a i n e d  f r o m  t h e  p r e s e n t  s t u d y  an d  t h o s e  m e n t i o n e d  
a b o v e  d i s a g r e e  w i t h  t h o s e  o f  HOFSTEN ( 1 9 7 9 )  who h a s  r e p o r t e d  t h a t  
d u r i n g  g e r m i n a t i o n  o f  l eg um e s e e d s  e . g .  mung b e a n s ,  t h e  amino 
a c i d  p r o f i l e  d o e s  n o t  c h a n g e  d r a m a t i c a l l y ,  an d  t h e  c h e m i c a l  s c o r e  
n e v e r  d e c r e a s e s  a l t h o u g h  i t  may s o m e t i m e s  i n c r e a s e .
R e l a t i v e l y  few s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  on p r o t e i n  q u a l i t y  
o f  g e r m i n a t e d  l e n t i l  s e e d s ,  w h i l e  p r o t e i n  q u a l i t y  o f  o t h e r  g e r m i ­
n a t e d  l eg um e s e e d s  e . g .  s o y b e a n s  a n d  p e a s  h a s  a l r e a d y  b e e n  
r e p o r t e d  by BATES a l • ( 1 9 7 7 )  an d  by BAU an d  DEBRY ( 1 9 7 9 ) .
C h a n g e s  i n  t h e  c h e m i c a l  s c o r e  o f  e s s e n t i a l  am ino  a c i d s  o f  l e n t i l s  
d u r i n g  g e r m i n a t i o n  a t  25 C Jjn t h e  l i g h t
RESULTS AND DISUSSION
T a b l e  27 shows t h a t  l i g h t  c a u s e s  a  d e c r e a s e  i n  p r o t e i n  q u a l i t y  i n  
t e r m s  o f  c h e m i c a l  s c o r e  o f  p r o t e i n  i n  t h e  f o u r  v a r i e t i e s  o f  
g e r m i n a t e d  l e n t i l s .
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On t h e  f i f t h  d a y  of  g e r m i n a t i o n ,  t h e  c h e m i c a l  s c o r e  f o r  AMR, LAG,
JOR and SML d e c r e a s e d  f r o m  28 t o  13 ,  f rom 25 to  1 2 ,  f rom 22 t o  9
and f r om  28 t o  16 r e s p e c t i v e l y .
Changes  i n  t h e  c h e m i c a l  s c o r e  o f  e s s e n t i a l  amino  a c i d s  o f  f o u r  
l e n t i l  v a r i e t i e s  d u r i n g  g e r m i n a t i o n  a_t ^  Ç j n  t h e  d a r k
T a b l e  28 shows t h a t  t h e  p r o t e i n  q u a l i t y  i . e .  p r o t e i n  c h e m i c a l  
s c o r e  and c h e m i c a l  s c o r e s  o f  t h e  i n d i v i ^ a l  amino a c i d s  d e c r e a s e d  
d u r i n g  g e r m i n a t i o n  o f  t h e  f o u r  l e n t i l  v a r i e t i e s  a t  35 C i n  t h e  
d a r k  f o r  f i v e  d a y s .
On t h e  f i f t h  d a y  o f  g e r m i n a t i o n  a t  35 C, t h e  p r o t e i n  c h e m i c a l  
s c o r e  o f  AMR, LAG, JOR and  SML d e c r e a s e d  f r o m  28 t o  13 ,  from 25 
t o  9 ,  f rom 22 to  7 an d  f ro m  28 t o  11 r e s p e c t i v e l y .
The d e c r e a s e  i n  p r o t e i n  q u a l i t y  o f  l e n t i l s  grown a t  35 C i n  t h e
d a r k  i s  h i g h e r  when co m p ar ed  t o  t h o s e  grown a t  t h e  l o w e r
t e m p e r a t u r e  (25 C) i n  t h e  d a r k  o r  u n d e r  i l l u m i n a t i o n .
FREE AMINO ACIDS 
G e n e r a l  I n t r o d u c t i o n
I t  i s  w e l l  known t h a t  t h e r e  i s  no c o r r e l a t i o n  b e t w e e n  t h e  
r e l a t i v e  p r o p o r t i o n s  o f  f r e e  amino  a c i d s  a n d  o f  p r o t e i n  am in o  
a c i d s  (SMITH, 1 9 6 8 ) .  The f r e e  amino a c i d s  w h i c h  e x i s t  i n  p l a n t s  
a r e  n o t  t o  b e  r e g a r d e d  a s  p r e c u r s o r s  o f  p r o t e i n  (KASAI ^  a l . 
( 1 9 6 6 ) .
WEAVER £ t  al_. ( 1 9 7 8 )  h a v e  r e p o r t e d  t h a t  t h e  f r e e  amino a c i d  
c o n t e n t  d i f f e r s  among c u l t i v a r s  o f  p o t a t o  t u b e r s .  How ever ,  f r e e  
am in o  a c i d s  a r e  n u t r i t i o n a l l y  a s  i m p o r t a n t  a s  t h e i r  c o u n t e r p a r t s  
f o u n d  i n  p r o t e i n  (DESBOROUGH an d  WEISER, 1 9 7 4 ) .  Ve ry  l i t t l e
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i n f o r m a t i o n ,  c o n c e r n i n g  t h e  f r e e  am ino  a c i d s  i n  l e n t i l s  i s  a v a i ­
l a b l e  c o m p ar ed  t o  t h a t  of  o t h e r  c h e m i c a l  c o m p o u n d s .
T h i s  s t u d y ,  w i l l  i n v e s t i g a t e  t h e  e f f e c t  o f  d i f f e r e n t  t r e a t m e n t s
i . e .  g e r m i n a t i o n ,  c o o k i n g  an d  c a n n i n g  on f r e e  amino a c i d s  o f  t h e  
f o u r  v a r i e t i e s  o f  l e n t i l s .
MATERIALS AND METHODS
I d e n t i f i c a t i o n  an d  d e t e r m i n a t i o n  o f  f r e e  amino a c i d s
E x t r a c t i o n  o f  f r e e  am ino a c i d s
T r i c h l o r o a c e t i c  a c i d  (TCA),  i s  t h e  m o s t  w i d e l y  u s e d  s o l v e n t  to  
p r e c i p i t a t e  p r o t e i n .  Many w o r k e r s  h a v e  r e p o r t e d  t h a t  TCA i s  more  
e f f e c t i v e  t h a n  a l c o h o l  (SING,  1 9 8 1 ;  DESBOROUGH and WEISER, 1 9 7 2 ) .  
T h e r e f o r e ,  i n  t h e  p r e s e n t  s t u d y ,  t h e  TCA met hod  was u s e d .
1 . P r o c e d u r e
The s a m p l e s  w e r e  d r i e d  a t  50 C o v e r n i g h t .  The d r i e d  m a t e r i a l  was 
g r o u n d  t o  p a s s  a s i x t y - m e s h  s c r e e n .  To 100 mg o f  t h i s  pow de r ,  5 
ml o f  2% p h e n o l  an d  10 ml  o f  30% TCA w e r e  a d d e d .  The m i x t u r e  was 
s h a k e n  f o r  t h r e e  h o u r s  u s i n g  a n  ar m  s h a k e r  a t  low s p e e d  (MAZZA ^  
a l . ,  1 9 8 3 ) .  The s a m p l e  was  t h e n  f i l t e r e d  a n d  t h e  s u p e r n a t a n t
w h ich  c o n t a i n e d  t h e  f r e e  am ino  a c i d s  h ad  i t s  pH a d j u s t e d  t o  2 + 0 .1  
(BLACKBURN, 1 9 6 8 ) .  The r e s i d u e  was  u s e d  f o r  p r o t e i n  am ino  a c i d  
d e t e r m i n a t i o n .
2 .  I d e n t i f i c a t i o n  an d  d e t e r m i n a t i o n  o f  f r e e  amino a c i d s
The m e t h o d  o f  s e p a r a t i o n ,  i d e n t i f i c a t i o n  a n d  e s t i m a t i o n  o f  
p r o t e i n  a m in o  a c i d s  was  u s e d  ( p i 0 9 ) *
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F i g . 12 .  F ree  amino a c i d s  o f  l e n t i l  s e e d s
2 .  L y s i n e
4 .  Ammonia 
UN. Unknown
5 .  A r g i n i n e
6 .  A s p a r t i c  a c i d  
7 . T h r e o n in e
9 .  g l u t a m i c  a c i d  
11 . G l y c i n e  
12 .  A l a n i n e
14 .  V a l i n e
15 .  M e t h i o n i n e
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FREE AMINO ACIDS OF LENTIL SEEDS 
RESULTS AND DISCUSSION
A l l  f o u r  v a r i e t i e s  o f  l e n t i l s  h a v e  t h e  same 8 f r e e  amino a c i d s ,  
n a m e ly  l y s i n e ,  a r g i n i n e ,  a s p a r t i c  a c i d ,  t h r e o n i n e ,  g l u t a m i c  a c i d ,  
g l y c i n e ,  a l a n i n e  and v a l i n e ,  and ammonia  ( a l t h o u g h  t h i s  i s  n o t  an 
amino a c i d s ) ,  w i t h  v a r  SML h a v i n g  a n  e x t r a  one ( m e t h i o n i n e  i n  
t r a c e  a m o u n t s )  ( t a b l e  29 ) .  The f r e e  amino a c i d  c o n t e n t s  i n  AMR, 
LAG, JOR and SML w e r e  fo u n d  t o  b e  1 . 3 9 ,  1 . 1 4 ,  1 . 3 0  a n d  1 . 5 6
g / lO O g  s e e d s  r e s p e c t i v e l y .
The r e s u l t s  o f  t h e  f r e e  amino a c i d s  o b t a i n e d  i n  t h e  p r e s e n t  
s t u d y ,  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  ALTSCHUL and YATSU ( 1 9 6 6 )  
who r e p o r t e d  t h a t  f r e e  amino a c i d s  made up 2 % of  s e e d  l e g u m e s .  
A l l  4 v a r i e t i e s  h a v e  t h r e e  unknown am in o  a c i d s  fo u n d  i n  s m a l l  
a m o u n t s  : a  p e a k  b e t w e e n  h i s t i d i n e  an d  a r g i n i n e ,  2 a n d  3 p e a k s
a p p e a r i n g  j u s t  b e f o r e  a s p a r t i c  a c i d .  I n  a l l  t h e  f o u r  v a r i e t i e s  
a r g i n i n e ,  a s p a r t i c  a c i d  a n d  g l u t a m i c  a c i d  a r e  t h e  m o s t  a b u n d a n t  
o n e s .  SULSER and SAGER ( 1 9 7 6 )  h a v e  i n v e s t i g a t e d  t h e  f r e e  amino 
a c i d s  i n  f i v e  v a r i e t i e s  o f  l e n t i l s  an d  t h e i r  f i n d i n g s  w e r e  t h a t  
l y s i n e  an d  a r g i n i n e  w e r e  0 . 0 6  and 0 . 4 1  g / lO O g s e e d  r e s p e c t i v e l y  
( f o r  t h e i r  A m e r i c a n  v a r i e t y )  co m pared  t o  0 . 1 6  an d  0 . 2 1  g / lO O g 
s e e d s  i n  t h e  A m e r i c a n  (AMR) v a r i e t y  u s e d  i n  t h e  p r e s e n t  s t u d y .
C h a n g e s  i n  f r e e  am ino  a c i d s  d u r i n g  g e r m i n a t i o n  a t  25 ^  j j i  t h e  d a r k
RESULTS AND DISCUSSION
I n  t h e  p r e s e n t  s t u d y  ( t a b l e  29 p J 3 0 ) »  t h e r e  was a n  i n c r e a s e  i n  
f r e e  am in o  a c i d s  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e  d a r k ,  
i n c r e a s i n g  w i t h  g e r m i n a t i o n  t i m e .
On t h e  f i f t h  d a y  o f  g e r m i n a t i o n  com par ed  t o  d r y  s e e d s ,  f r e e  amino
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a c i d s  i n  AMR, LAG, JOR and SML i n c r e a s e d  f r o m  1 . 3 9  t o  8 . 9 6 ,  f rom 
1 . 1 4  t o  9 . 8 3 ,  f rom 1 . 3 0  t o  1 0 . 3 2 ,  a n d  f r o m  1 . 5 6  to  9 . 4  g / lO O g  
r e s p e c t i v e l y .
New f r e e  amino a c i d s  a p p e a r e d  d a i l y  e v e n  a f t e r  one day  
g e r m i n a t i o n  i n  t h e  d a r k  so t h a t  by  d a y  5 t h e  same 18 a m in o  a c i d s  
w e r e  o b s e r v e d  i n  a l l  f o u r  v a r i e t i e s ,  t h e  same fo u n d  i n  p r o t e i n  
amino a c i d s .
G e n e r a l l y  t h e  i n c r e a s e  i n  m o s t  amino  a c i d s  r a n g e d  f r o m  a 2 -  t o  
4 - f o l d  i n c r e a s e  a f t e r  t h e  f i f t h  d a y  of  g e r m i n a t i o n ,  and t h i s  
r e s u l t  a g r e e s  c l o s e l y  w i t h  t h o s e  r e p o r t e d  by HURST ( 1 9 7 0 )  an d  by 
DESHMUSHI an d  SOHONIE ( 1 9 6 6 ) .  A l s o  i t  i s  to  b e  n o t e d  i n  t h e  
p r e s e n t  s t u d y ,  t h a t  t h e  m o s t  a b u n d a n t  amino a c i d s  a t  t h e  end o f  
t h e  g e r m i n a t i o n  p e r i o d  o f  f i v e  d a y s ,  w e re  g l u t a m i c  a c i d ,  a s p a r t i c  
a c i d ,  g l y c i n e  an d  a r g i n i n e .
H i g h e r  i n c r e a s e s  h a v e  b e e n  r e p o r t e d  i n  o t h e r  l e g u m e s .  A 7 - f o l d  
i n c r e a s e  i n  f r e e  amino  a c i d s  on t h e  t h i r d  day o f  g e r m i n a t i n g  soy  
b e a n s  h a s  b e e n  r e p o r t e d  by KASAI ^  al^. ( 1 9 6 6 ) ,  a l s o  an 8 - f o l d  
i n c r e a s e  a f t e r  5 d ay s  g e r m i n a t i o n  o f  pea s  h a s  b e e n  r e p o r t e d  by 
CHEN an d  THACKER ( 1 9 7 8 ) .
G e n e r a l l y  t h o u g h ,  m o s t  s t u d i e s  h a v e  r e p o r t e d  a n  i n c r e a s e  i n  t h e  
c o n t e n t  o f  f r e e  amino  a c i d s  i n  e t i o l a t e d  g e r m i n a t i n g  s e e d l i n g s .  
The i n c r e a s e  h a s  g e n e r a l l y  b e e n  a t t r i b u t e d  t o  t h e  h y d r o l y s i s  of  
s t o r a g e  p r o t e i n .  The f o r m a t i o n  o f  f r e e  am ino a c i d s  d e p e n d s  upon  
t h e  e x t e r n a l  c o n d i t i o n s  a s  w e l l  a s  on t h e  s y n t h e t i c  a c t i v i t y  of  
t h e  p l a n t  ( DESHMUSHI an d  SOHONIE, 1 9 6 6 ) .
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C h a n g e s  i n  f r e e  a m in o a c i d s  o f  l e n t i l s  d u r i n g  g e r m i n a t i o n  i n  t h e
l i g h t  a t  25 C
RESULTS AND DISCUSSION
T a b l e  30 shows t h a t  f r e e  am ino  a c i d s  i n c r e a s e d  i n  a l l  f o u r
v a r i e t i e s  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e  l i g h t .
I n  AMR, LAG, JOR and SML, t h e  f r e e  am ino a c i d s  on t h e  f i f t h  day  
of  g e r m i n a t i o n  co m p ared  t o  d r y  s e e d s  i n c r e a s e d  f r o m  1 , 3 9  t o  5 . 6 3  
g / l O O g ,  f rom 1 . 1 4  t o  5 . 7 3 ,  f rom 1 . 3  t o  5 . 8 6  an d  f r o m  1 . 5 6  to  5 . 7 0  
g / lO O g  r e s p e c t i v e l y .
D u r i n g  g e r m i n a t i o n  i n  t h e  l i g h t  some amino a c i d s  i n c r e a s e d
a p p r e c i a b l y  e . g .  l y s i n e ,  a r g i n i n e ,  a s p a r t i c  a c i d  a n d  g l u t a m i c  
a c i d ,  w h i l e  o t h e r s  i n c r e a s e d  s l i g h t l y  e . g .  i s o l e u c i n e  and  l e u c i n e  
w e r e  i n  m e a s u r a b l e  a m o u n t s  o n l y  on t h e  f i f t h  d a y  of  g e r m i n a t i o n ,  
and  c y s t e i n e  was  f o u n d  i n  t r a c e  a m o u n t s  on t h e  f i f t h  d a y  o n l y .  
A l t h o u g h  f r e e  amino a c i d s  i n c r e a s e d  d u r i n g  g e r m i n a t i o n  i n  t h e
l i g h t ,  t h e i r  i n c r e a s e s  r a n g e d  f r o m  2 . 6 -  to  4 . 0 - f o l d ,  a  much lo w e r  
i n c r e a s e  t h a n  i n  t h e  d a r k .
T h e s e  r e s u l t s  a g r e e  w i t h  t h o s e  o f  PALMIANO and JULIANO ( 1 9 7 2 )  who 
h a v e  r e p o r t e d  t h a t  t h e  i n c r e a s e  i n  f r e e  amino a c i d s  d u r i n g  
g e r m i n a t i o n  o f  r i c e  g r a i n s  was  much l e s s  i n  t h e  l i g h t  t h a n  i n  t h e
d a r k .  HURST ( 1 9 7 0 )  h a s  r e p o r t e d  t h a t  f r e e  am ino  a c i d s  o f  s o y b e a n
s e e d l i n g s  g e r m i n a t e d  f o r  5 d a y s  i n  t h e  d a r k  a n d  f o r  3 d a y s  d a r k  + 
2 d a y s  l i g h t  i n c r e a s e d  by 8 -  and 1 1 - f o l d  r e s p e c t i v e l y ,  an d  t h e
p a t t e r n s  o f  c h a n g e s  d u r i n g  g e r m i n a t i o n  i n  t h e  d a r k  a n d  i n  t h e
l i g h t  d i f f e r e d  o n l y  i n  t h e i r  q u a n t i t i e s .
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C h a n g e s  i n  f r e e  a m in o  a c i d s  o f  l e n t i l s  d u r i n g  g e r m i n a t i o n  a t
35 C t h e  d a r k
RESULTS and DISCUSSION
I n  t h e  p r e s e n t  s t u d y  ( t a b l e  31 ) t h e r e  i s  a n  i n c r e a s e  i n  f r e e
am ino a c i d s  o f  a l l  v a r i e t i e s  s t u d i e d  d u r i n g  g e r m i n a t i o n  a t  35 C
i n  t h e  d a r k .
I n  AMR, LAG, JOR an d  SML, on t h e  f i f t h  d a y  of  g e r m i n a t i o n  com­
p a r e d  t o  d r y  s e e d s ,  t h e  f r e e  am ino a c i d s  i n c r e a s e d  f r o m  1 . 3 9  t o
6 .7 1  g / l O O g  s e e d s ,  f r om  1 . 1 4  t o  7 . 7 9  g ,  f rom 1 . 3 0  t o  8 . 6 4 ,  f rom
1 . 5 6  t o  7 . 2 9  g / lO O g  s e e d s  r e s p e c t i v e l y .
The i n c r e a s e  i n  f r e e  am ino  a c i d s  o f  t h e  f o u r  v a r i e t i e s  t e s t e d  
r a n g e d  f r o m  3 . 7 -  t o  5 . 8 - f o l d .
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CHAPTER V 
VITAMINS
V i t a m i n s  a r e  a g r o u p  o f  ' ' c o u p o u n d s  t h a t  a r e  e s s e n t i a l  i n
r e l a t i v e l y  m i n u t e  q u a n t i t i e s  f o r  bod y g r o w t h  and m a i n t e n a n c e .  
They p e r f o r m  s p e c i f i c  a n d  v i t a l  f u n u c t i o n s  i n  t h e  c e l l s  an d  i n  
t h e  t i s s u e s .  They c a n n o t  b e  s y n t h e s i z e d  by t h e  o r g a n i s m ,  and
V
t h e i r  a b s e n c e  o r  i n a d eq u a te  u t i l i z a t i o n  r e s u l t s  i n  s p e c i f i c  d e f i ­
c i e n c y  d i s e a s e s .
T h i a m i n e  i s  e s s e n t i a l  f o r  t h e  n o rm a l  a c t i v i t y  o f  t h e  n e r v o u s  
s y s t e m  (SALUNKHE, 1 9 7 4 ) ;  w h i l e  r i b o f l a v i n  i s  f o r  h e a l t h y  e y e s  
(WILSON e £  a l  • » 1979 ) .  Two fo rm s  o f  v i t a m i n  C a r e  fou nd  i n  n a ­
t u r e :  t h e  r e d u c e d  fo r m  ( a s c o r b i c  a c i d )  and t h e  o x i d i s e d  fo rm
( d e h y d r o a s c o r b i c  a c i d ) ,  an d  b o t h  fo rms  e x i s t  i n  p l a n t  and a n i m a l  
t i s s u e s .  I t  i s  b e l i e v e d  t h a t  v i t a m i n  C h a s  a n  i m p o r t a n t  r o l e  i n  
c o l l a g e n  f o r m a t i o n ,  i n  p r o t e i n  m e t a b o l i s m  and i n  f a t  m e t a b o l i s m  
(WILSON e ^  a l . ,  1 9 7 9 ) .  N u t r i t i o n l l y , v i t a m i n  C c a n  be s u p p l i e d  a s  
e i t h e r  a s c o r b i c  a c i d  o r  a s  d e h y d r o a s c o r b i c  a c i d .
I n  t h e  p r e s e n t  s t u d y ,  e s t i m a t i o n  o f  t o t a l  v i t a m i n  C, t h i a m i n e  and 
r i b o f l a v i n  was  c a r r i e d  o u t .
MATERIALS AND METHODS 
D e t e r m i n a t i o n  o f  " t o t a l "  v i t a m i n  C
The v i t a m i n  C a c t i v i t i e s  o f  f o o d  a n d  b i o l o g i c a l  m a t e r i a l s  a r e  
a s s o c i a t e d  w i t h  t h e i r  L - a s c o r b i c  a c i d  c o n t e n t s .  F o r  d e t e r m i n a t i o n  
o f  " t o t a l  v i t a m i n  C " ,  t h e  p r o c e d u r e  d e s c r i b e d  by FREED ( 1 9 6 6 )  was 
u s e d .  I t  i s  b a s e d  upon t h e  o x i d a t i o n  o f  a s c o r b i c  a c i d  t o  d e h y d ­
r o a s c o r b i c  a c i d .  S u b s e q u e n t  t r a n s f o r m a t i o n  o f  d e h y d r o a s c o r b i c  
a c i d  t o  d i k e t o g u l o n i c  a c i d ,  f o l l o w e d  by c o u p l i n g  w i t h  2 , 4 - d i n i t -  
r o p h e n y l h y d r a z i n e  g i v e s  r e d - c o l o u r e d  o s a z o n e s .  The a d v a n t a g e  of
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t h i s  m e t h o d  i s  t h a t  i t  i s  s p e c i f i c  f o r  v i t a m i n  C.
R e a g e n t s
1 . 85% s u l p h u r i c  a c i d
2 .  2% 2 , 4 - d i n i t r o p h e n y I h y d r a z i n e  i n  9N s u l p h u r i c  a c i d
3 .  2 % t h i o u r e a  i n  5% m e t a p h o s p h o r i c  a c i d  (HPO^ )
4 . 1 0 % m e t a p h o s p h o r i c  a c i d
5 .  Bro m ine
6 . A s c o r b i c  a c i d  s t a n d a r d :  100 mg a s c o r b i c  a c i d  d i s s o l v e d  i n  100 
ml o f  5% m e t a p h o s p h o r i c  a c i d .  T h i s  s o l u t i o n  c o n t a i n e d  1 mg a s c o r ­
b i c  a c i d  p e r  m l .  S t a n d a r d  s o l u t i o n s  w e r e  p r e p a r e d  i n  t h e  r a n g e  1 -  
12 ^ g / m l .
1 .  E x t r a c t i o n
( a )  F i v e  g o f  s e e d s  a r e  h o m o g e n i s e d  w i t h  100 ml 10% 
m e t a p h o s p h o r i c  a c i d  i n  a  W a r in g  b l e n d e r ,  t h e  h o m o g e n a t e  i s  t h e n  
c e n t r i f u g e d .
2 .  O x i d a t i o n  t o  d e h y d r o a s c o r b i c  a c i d
( a )  To t h e  s o l u t i o n  o f  1 ( a ) ,  a few d r o p s  o f  b r o m i n e  ( l i q u i d )  a r e  
a d d e d  u n t i l  t h e  s o l u t i o n  a p p e a r s  s l i g h t l y  y e l l o w .  The e x c e s s  
b r o m i n e  i s  d e c a n t e d  a n d  n i t r o g e n  g a s  i s  p a s s e d  t h r o u g h  t h e  
s o l u t i o n  u n t i l  i t  b ec o m e s  c o l o u r l e s s .
( b )  To a  10 ml a l i q u o t  o f  t h e  o x i d i s e d  e x t r a c t  f rom 2 ( a ) ,  10 ml
o f  2% t h i o u r e a  i n  5% HPOg a r e  a d d e d  a n d  m i x e d .
3 .  F o r m a t i o n  o f  o s a z o n e
A l i q u o t s  (4  ml  e a c h )  o f  t h e  s a m p l e  d i l u t i o n  2 ( a )  a r e  p i p e t t e d  
i n t o  f o u r  t e s t  t u b e s :  o n e  o f  t h e  t u b e s  i s  s e t  a s i d e  t o  s e r v e  a s  a 
b l a n k ,  an d  t o  e a c h  o f  t h e  r e m a i n i n g  t u b e s  1 ml o f  2% 2 , 4 -
d i n i t r o p h e n y I h y d r a z i n e  i s  a d d e d .  T h en  a l l  t h e  t u b e s  a r e  p l a c e d  i n
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a w a t e r  b a t h  a t  3741 C f o r  e x a c t l y  3 h o u r s  a f t e r  w h i c h  t h e y  a r e  
removed a n d  p l a c e d  i n  a n  i c e  b a t h .
4 .  T r e a t m e n t  w i t h  85% H^SO.^ ( f o r m a t i o n  o f  s o l u b l e  p i g m e n t )
W h i l e  t h e  t u b e s  a r e  i n  t h e  i c e  b a t h ,  5 ml  o f  85% # 2 8 0 ^ a r e  ad d e d  
to  e a c h  t u b e ,  and i n  t h e  b l a n k  o n l y ,  one  ml  o f  2 % 2 , 4 - d i n i t r o p h e -  
n y I h y d r a z i n e  i s  a d d e d .  The t u b e s  a r e  s h a k e n ,  removed  f ro m  t h e  
i c e  b a t h  an d  a l l o w e d  t o  s t a n d  f o r  e x a c t l y  30 min  a t  room 
t e m p e r a t u r e .
5 .M e a s u r e m e n t  o f  c o l o u r
The c o l o u r s  p r o d u c e d  i n  t h e  s a m p l e s  an d  i n  t h e  s t a n d a r d  s o l u t i o n s  
o f  a s c o r b i c  a c i d  a r e  m e a s u r e d  a g a i n s t  t h e  b l a n k ,  by r e c o r d i n g  t h e
K,
p e r c e n t a g e  t r ^ r a i t t a n c e  a t  540 nm u s i n g  a  s p e c t r o p h o t o m e t e r  
(LKB,BIOCHEM Model  ULTROSPEC, 4 0 5 0 ) .
6 . S t a n d a r d  s o l u t i o n  a n d  c a l c u l a t i o n
S t a n d a r d  a s c o r b i c  a c i d  s o l u t i o n s  a r e  t r e a t e d  i n  t h e  same way as  
s a m p l e s  i n  S t e p s  2 ( a )  t h r o u g h  5 ( a ) .  A c a l i b r a t i o n  c h a r t  i s  
o b t a i n e d  by p l o t t i n g  p e r c e n t a g e  t r a n s m i t t a n c e  a g a i n s t  
c o n c e n t r a t i o n  o f  v i t a m i n  C on semi  l o g a r i t h m i c  p a p e r .  The t o t a l  
v i t a m i n  C c o n t e n t  o f  e a c h  a l i q u o t  i s  o b t a i n e d  f r o m  t h i s  c h a r t  
a c c o r d i n g  t o  t h e  f o r m u l a :
R X 100
--------------- = mg t o t a l  v i t a m i n  C ( p e r  100 g o f  s a m p l e )
W xlOOO
Where R = mg o f  t o t a l  v i t a m i n  C p e r  ml o f  s o l u t i o n  o b t a i n e d  by 
r e a d i n g  f r o m  t h e  c h a r t .
W = g o f  s a m p l e  p e r  ml  o f  t h e  d i l u t e d  s o l u t i o n .
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2 . THIAMINE ( Bi )
T h i a m i n e  c o n s i s t s  o f  a  s u b s t i t u t e d  p y r i m i d i n e  l i n k e d  t o  a 
s u b s t i t u t e d  t h i a z o l e  by  a m e t h y l e n e  g ro u p  (ARCHER and TANNENBAUM, 
1 9 7 9 ) .  I t  e x i s t s  i n  f o o d s  i n  a nu m ber  o f  f o r m s ,  i n c l u d i n g  f r e e  a s  
t h i a m i n e  o r  i n  a c o m b i n e d  f o r m  as  a p r o t e i n  c o m p l e x .  The f r e e  form 
of  t h i a m i n e  o c c u r s  i n  l a r g e  am oun ts  i n  p l a n t s .  T h i a m i n e  i s  
s y n t h e s i z e d  by a l l  h i g h e r  p l a n t s  ( OSER, 1 9 6 5 ) .
MATERIALS AND METHODS
D e t e r m i n a t i o n  o f  t h i a m i n e
Among t h e  c h e m i c a l  m e t h o d s ,  t h e  f l u o r o m e t r i c  d e t e r m i n a t i o n ,  i s  
t h e  recommended AOAC m e th o d  (AOAC, 1 9 7 5 ) ,  and i s  b a s e d  on  t h e
o x i d a t i o n  o f  t h i a m i n e  h y d r o c h l o r i d e  t o  t h i o c h r o m e .  I t  i s  r e p r o d u ­
c i b l e  and s e n s i t i v e  (CLICK, 1 9 5 8 )  and was u s e d  i n  t h e  p r e s e  n t  
s t u d y .
R e a g e n t s
1 .  O x i d i z i n g  a g e n t :  4 ml  o f  1% p o t a s s i u m  f e r r o c y a n i d e  a r e  made to
100 ml  w i t h  15% NaOH.
2 .  T h i a m i n e  s t o c k :  1 .  50 mg o f  t h i a m i n e  i s  d i s s o l v e d  i n  500 ml o f
2 0 % a l c o h o l .
3 .  T h i a m i n e  s t o c k  s o l u t i o n :  2 .  100 ml o f  t h i a m i n e  s t o c k  1 a r e
d i l u t e d  t o  1 1 w i t h  2 0 % a l c o h o l .
4 .  T h i a m i n e  s t a n d a r d  s o l u t i o n .  To 10 ml o f  t h i a m i n e  s t o c k  s o l t i o n  
2 ,  50 ml  o f  0 . 1  N HCl a r e  a d d e d :  t h i s  s o l u t i o n  c o n t a i n s  1 jug
t h i a m i n e  p e r  m l .
1 .  E x t r a c t i o n
To 5 g o f  s e e d s ,  50 ml o f  0 . 1  N HCl i s  a d d e d ,  t h e  s a m p l e  i s  
b l e n d e d  i n  a W a r in g  b l e n d e r  f o r  2 m i n .
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2 . D i g e s t i o n  o f  s a m p l e
The s a m p l e  i s  a u t o c l a v e d  f o r  30 m in  a t  1 2 1 -  123 C. A f t e r  t h a t  t h e  
m i x t u r e  i s  c e n t r i f u g e d  a t  4 , 0 0 0 r p m f o r  10 m i n .
3_2_ O x i d a t i o n  o f  t h i a m i n e  t o  t h i o c h r o m e
( a )  To e a c h  o f  f o u r  t u b e s ,  1 . 5  g NaCl an d  5 ml o f  t h i a m i n e  
s t a n d a r d  s o l u t i o n  a r e  a d d e d ,  f o l l o w e d  by 3 ml o f  p o t a s s i u m  
f e r r o c y a n i d e  ( o x i d i z i n g  a g e n t ) .  Each  t u b e  i s  s h a k e n ,  an d  i m m e d ia ­
t e l y  13 ml o f  i s o b u t y l  a l c o h o l  a d d e d .  The t u b e  i s  s h a k e n  a g a i n ,  
and t h i s  t r e a t m e n t  i s  c a l l e d  o x i d i s e d  s t a n d a r d .
( b )  A n o t h e r  4 t u b e s  a r e  t r e a t e d  e x a c t l y  i n  t h e  same m a n n e r  e x c e p t  
t h a t  15% NaOH i s  u s e d  i n s t e a d  o f  p o t a s s i u m  f e r r o c y a n i d e .  T h i s  
t r e a t m e n t  i s  c a l l e d  s t a n d a r d  b l a n k s
( c )  To a n o t h e r  4 t u b e s ,  5 ml o f  t h e  a s s a y  s o l u t i o n  i s  a d d e d ,  
f o l l o w e d  by 1 . 5  g N a C l ,  3 ml  o f  p o t a s s i u m  f e r r o c y a n i d e  ( o x i d i z i n g  
a g e n t ) ,  t h e n  13 ml  o f  i s o b u t y l  a l c o h o l .  T h i s  t r e a t m e n t  i s  c a l l e d  
o x i d i z e d  a s s a y  s o l u t i o n .
( d )  To t h e  f o u r t h  s e t  o f  4 t u b e s ,  5 ml o f  t h e  a s s a y  s o l u t i o n  i s  
a d d e d ,  f o l l o w e d  by 1 . 5  g N a C l ,  3 ml o f  15% NaOH an d  13 ml o f  
i s o b u t y l  a l c o h o l ,  an d  t h i s  t r e a m e n t  i s  c a l l e d  t h e  a s s a y  b l a n k .
4 .  T h i o c h r o m e  f l u o r e s c e n c e  m e a s u r e m e n t
The t h i a m i n e  c o n t e n t  was d e t e r m i n e d  by c o m p a r i n g  t h e  i n t e n s i t y  o f  
f l u o r e s c e n c e  o f  t h e  e x t r a c t  o f  t h e  o x i d i s e d  a s s a y  s o l u t i o n  w i t h  
t h a t  o f  t h e  o x i d i s e d  s t a n d a r d  s o l u t i o n .  An i n p u t  f i l t e r  o f  t r a n s  
m i t t a n c e  o f  a p p r o x i m a t e l y  365 nm (LF 2 ) ,  an d  a n  o u t p u t  f i l t e r  o f  
a p p r o x i m a t e l y  4 3 5  nm (LF 5 )  w e re  u s e d .  A s i n g l e  s i d e d  f l u o r t m e t e r  
mode l  LOCARTE MK4 w i t h  m e r c u r y  lamp an d  d i g i t a l  v o l t m e t e r  was 
u s e d ,
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5 .  C a l c u l a t i o n
T h i a m i n e  c o n t e n t  i n  p g  i n  5 ml o f  a s s a y  s o l u t i o n  i s  e s t i m a t e d  
u s i n g  t h e  f o l l o w i n g  f o r m u l a :
T h i a m i n e  i n  pg = ( A-B ) /  ( S-D)
Where A= The f l u o r e s c e n c e  o f  t h e  o x i d i z e d  a s s a y  s o l u t i o n .
B= The f l u o r e s c e n c e  o f  t h e  a s s a y  b l a n k .
S= The f l u o r e s c e n c e  o f  t h e  o x i d i z e d  s t a n d a r d .
D= The f l u o r e s c e n c e  o f  t h e  s t a n d a r d  b l a n k .
3 .  RIBOFLAVIN ( B ^) 2—
R i b o f l a v i n  c o n s i s t s  o f  t h e  f l a v i n  p i g m e n t  l u m ic h r o m e  and t h e
r e d u c e d  f o r m  o f  r i b o s e  (PRIESTLEY, 1 9 7 9 ) .  I t  i s  h e a t  s t a b l e  i n
a c i d  s o l u t i o n ,  b u t  v e r y  s e n s i t i v e  t o  l i g h t ,  to  b o t h  i n  t h e  U.V.  
and v i s i b l e  r e g i o n s .
I t  o c c u r s  n o r m a l l y  c o m b i n e d  w i t h  p r o t e i n .  The AOAC f l u o r o m e t r i c  
m e t h o d  (AOAC, 1 9 7 5 )  was u s e d  f o r  r i b o f l a v i n ,  and i t  i s  v e r y
s e n s i t i v e  when c o m p a r e d  t o  o t h e r  m e t h o d s  (GYORGY an d  PEARSON,
1 9 6 7 ) .
MATERIALS AND METHODS 
D e t e r m i n a t i o n  o f  r i b o f l a v i n  
R e a g e n t s
1 .  R i b o f l a v i n  s t o c k  s o l u t i o n :  1 .  50 mg o f  r i b o f l a v i n  i s  d i s s o l v e d  
i n  500 ml o f  0 . 0 2  N - a c e t i c  a c i d .
2 .  R i b o f l a v i n  s t o c k  s o l u t i o n :  2 .  100 ml o f  s t o c k  .1 i s  d i l u t e d  t o
1 1 w i t h  0 . 0 2  N - a c e t i c  a c i d .
3 .  R i b o f l a v i n  s t a n d a r d  s o l u t i o n .  10 ml  o f  s t o c k  2 i s  d i l u t e d  t o
U 2
10 0  ml w i t h  w a t e r ,  t h i s  c o n t a i n s  1 mg r i b o f l a v i n / r a l .
4 .  S o d iu m  h y d r o s u l f i t e  ( d i t h i o n i t e ,  Na2 S2 0 ^ ) .
1 .  E x t r a c t i o n
To 10 g o f  s a m p l e ,  50 ml  o f  O.IN HCl a c i d  i s  a d d e d ,  t h e n
a u t o c l a v e d  f o r  30 m in  a t  1 2 0 - 1 2 3  C.
2 .  P r e c i p i t a t i o n  o f  i n t e r f e r i n g  i m p u r i t i e s
The pH of  t h e  s a m p l e  i s  a d j u s t e d  t o  6 w i t h  NaOH, I m m e d i a t e l y ,  t h e  
pH i s  b r o u g h t  t o  4 . 5  w i t h  O.IN H C l ,  t h e n  t h e  s a m p l e  i s  d i l u t e d  t o  
100 ml w i t h  w a t e r ,  and f i l t e r e d  ( a ) .  To a 50 ml f i l t r a t e  ( a ) ,
O.IN HCl i s  a d d e d  u n t i l  n o  p r e c i p i t a t e  i s  f o r m e d ,  t h e n  d i l u t e d
w i t h  100  ml w a t e r .
3 .  A c i d i f i c a t i o n  o f  e x t r a c t
Ten ml o f  s a m p l e  s o l u t i o n  a n d  1 ml  o f  g l a c i a l  a c e t i c  a c i d  a r e  
a d d e d  t o  e a c h  o f  8 t u b e s .  To f o u r  o f  t h e s e  t u b e s ,  1 ml  o f  s t a n ­
d a r d  r i b o f l a v i n  s o l u t i o n  i s  a d d e d ,  w h i l e  t o  t h e  r e m a i n i n g  f o u r ,  1 
ml o f  w a t e r  i s  a d d e d .
4 .  O x i d a t i o n  .
To e a c h  o f  t h e  8 t u b e s ,  0 . 5  ml o f  3% KMnO^ s o l u t i o n  i s  a d d e d ,  and 
a f t e r  2 m i n  0 . 5  ml o f  3% H2 O2 , an d  m i x e d  u n t i l  t h e  r e d  c o l o u r  
d i s a p p e a r s .
5 .  F l u o r u m e t r y  m e a s u r e m e n t
A r i b o f l a v i n  s o l u t i o n  a t  pH 6 - 7  e x h i b i t s  a y e l l o w i s h  g r e e n  
f l u o r e s c e n c e  w i t h  a  maximum a t  530 nm.
A f l u o r u r a e t e r  m o d e l  LOCARTE MK4 was  u s e d .  I n p u t  f i l t e r  (FL 5 
a b o u t  4 4 0  nm) an d  o u t p u t  f i l t e r  (FL 10 a b o u t  575 nm) w e r e  u s e d .
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The f l u o r e s c e n c e  o f  t h e  t u b e  c o n t a i n i n g  t h e  s a m p l e  s o l u t i o n  an d  1 
ml o f  w a t e r  was  m e a s u r e d ,  a n d  t h e  r e a d i n g  c a l l e d  0 ., t h e n  20 mg o f  
Na-2 S2 Û^was a d d e d  t o  t h e  t u b e ,  and t h e  m e a s u r e d  f l u o r e s c e n c e  i s  
c a l l e d  C. The f l u o r e s c e n c e  o f  t h e  t u b e s  c o n t a i n i n g  t h e  s a m p l e  and 
t h e  s t a n d a r d  was m e a s u r e d  a n d  c a l l e d  X .
6 . C a l c u l a t i o n
The am o u n t  o f  r i b o f l a v i n  i n  mg p e r  ml o f  f i n a l  s o l u t i o n  i s  
c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  f o r m u l a
(B -C )  X 0 . 1  X 0 . 0 0 1
--------------------------------------  = mg o f  r i b o f l a v i n  p e r  ml f i n a l  s a m p l e
(X-B) s o l u t i o n
Where  B = f l u o r e s c e n c e  o f  s a m p l e  and 1 ml w a t e r .
C = f l u o r e s c e n c e  o f  s a m p l e  an d  w a t e r  a f t e r  t h e  a d d i t i o n  o f  
^ 3 2 ^ 2 ^ 4  .
X = f l u o r e s c e n c e  o f  s a m p l e  an d  1 ml s t a n d a r d .
RESULTS AND DISCUSSION
1 .  VITAMIN C OF D ^  LENTIL SEEDS
From t a b l e  32 , i t  ca n  be s e e n  t h a t  v i t a m i n  C o f  t h e  f o u r
v a r i e t i e s  o f  l e n t i l s  r a n g e d  f ro m  2 . 2  (LAG) t o  5 . 6  mg/ lOOg d ry
w e i g h t  ( J O R ) .
The v a l u e s  a r e  s l i g h t l y  l o w e r  t h a n  t h o s e  o f  KYLEN £ £  a l . ( 1 9 7 5 )
who h a v e  r e p o r t e d  7 m g / lO O g ,  b u t  a r e  h i g h e r  t h a n  t h o s e  o f  HSU et.  
a l . ( 1 9 8 0 )  who h a v e  r e p o r t e d  0 . 9  mg/ lOOg o f  l e n t i l s .  Legumes i n
g e n e r a l  an d  l e n t i l s  i n  p a r t i c u l a r  a r e  n o t  c o n s i d e r e d  a good
s o u r c e  o f  v i t a m i n  C.
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2 .  THIAMINE OF LENTIL SEEDS
The c o n t e n t  o f  t h i a m i n e  o f  t h e  l e n t i l  s e e d s  t e s t e d  a r e  
t a b l e  3 2 ,  ( p . L 4 4 ) ,  and r a n g e s  f rom  0 . 3 9  (SML) t o  0 . 5 7
(AMR). S i m i l a r  r e s u l t s  o f  0 . 4 6  mg/ lO Og h a v e  b e e n  r e p o r t e d  h f  EL-  
NAHRY ^  al^. ( 1 9 8 0 ) ,  w h i l e  a h i g h e r  v a l u e  o f  0 . 7 2  ®g W e m
r e p o r t e d  by KYLEN an d  McCREADY ( 1 9 7 5 ) .
3 .  RIBOFLAVIN OF LENTIL SEEDS
The r i b o f l a v i n  c o n t e n t  o f  t h e  v a r i e t i e s  u s e d  r a n g e d  f r o m  ®-21 
(SML) t o  0 . 3 8  mg/ lOOg  (LAG) ( t a b l e  3 2 ,  p . 1 ^ 4  ) -  T h e s e  res imEts  a r e  
i n  good a g r e e m e n t  w i t h  t h o s e  o f  EL-NAHRY £ t  £ l .  ( 1 9 8 0 )  a n d  o f
t h o s e  o f  KYLEN and  McCREADY ( 1 9 7 5 )  who h a v e  f o u n d  0 . 2 S  a n d  # . 2 9  
mg r i b o f l a v i n / l O O g  r e s p e c t i v e l y  i n  t h e i r  v a r i e t i e s  o f  l e n t i l s .
CHANGES IN VITAMINS DURING GERMINATION
WAI £l_. ( 1 9 4 7 )  h a v e  r e p o r t e d  a n  i n c r e a s e  i n  v i t a m i n  C
t h e  g e r m i n a t i o n  o f  s o y b e a n s .  O t h e r  v i t a m i n s  e . g .  r i b o f l a v i n  
n i a c i n  a l s o  i n c r e a s e d  t h r o u g h  54 h g e r m i n a t i o n ,  w h i l e  t h i a m i n e  
showed a l t e r n a t e  i n c r e a s e s  a n d  d e c r e a s e s  t h r o u g h o u t  t h e  same 
p e r i o d  o f  g e r m i n a t i o n .  WU an d  FENTON ( 1 9 5 3 )  h a v e  r e p o r t e d  a n  
i n c r e a s e  i n  v i t a m i n  C f rom 4 t o  16 m g/ lO O g,  a n d  a  d e c r e a s e  o f  
t h i a m i n e  f rom 1 . 1  t o  0 . 2 5  mg/ lOOg d u r i n g  t h e  g e r m i n a t i o n  o f  
s o y b e a n s .  T h i a m i n e  i n  g e r m i n a t e d  b e a n s  a n d  p e a s  w as  a s  much a s  6  
t i m e s  h i g h e r  a s  i n  d r y  s e e d s  (FORDHAM ^ t  a l . ,  1 9 7 5 ) .  V i t a m i n  C 
ca n be  s y n t h e s i z e d  e i t h e r  by g l u c o s e  o r  g a l a c t o s e  i n  p l a n t s  
(MAPSON, 1 9 6 7 )  ( f i g .  1 3 ) ,  w h i l e  HARROW an d  MAZUR ( 1 9 6 8 )  h a v e  
r e p o r t e d  t h e  b i o s y n t h e s i s  o f  a s c o r b i c  a c i d  f ro m  g l u c o s e  i n  b o t h  
p l a n t s  a n d  i n  a n i m a l s .
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CHANGES ^  VITAMINS DURING GERMINATION AT 25 C ^  ™  DARK
1.  VITAMIN C OF LENTILS GROWN AT ^ 5  Ç ^  DARK
I n  t h e  p r e s e n t  s t u d y ,  t h e r e  was a l a r g e  i n c r e a s e  i n  v i t a m i n  C i n  
a l l  v a r i e t i e s  s t u d i e d  d u r i n g  t h e i r  g e r m i n a t i o n  a t  25 C i n  t h e  
d a r k  ( t a b l e  3 2 ,  p . 146 )•  V i t a m i n  C i n  AMR, LAG, JOR, and  SML 
i n c r e a s e d  f r o m  4 . 3  i n  d r y  s e e d s  to  8 5 . 2  a f t e r  5 d ay s  g e r m i n a t i o n ,  
f rom 2 . 2  to  4 5 . 9 ,  f rom 5 . 6  t o  4 7 . 3 ,  and f r o m  5 . 4  t o  5 0 . 9  mg/ lOOg 
r e s p e c t i v e l y .  T h i s  m e a n s  t h a t  t h e r e  was a n  a p p r o x i m a t e  2 0 - f o l d  
and 9 - f o l d  i n c r e a s e  i n  AMR and  i n  SML r e s p e c t i v e l y  when co m p ared  
to  u n g e r m i n a t e d  s e e d s .  I n c r e a s e  was  h i g h e s t  i n  AMR, and l o w e s t  i n  
SML.
T h e s e  r e s u l t s  a r e  n o t  u n l i k e  t h o s e  of  HSU ^  ( 1 9 8 0 )  who have
r e p o r t e d  a n  8 5 - f o l d  i n c r e a s e  o f  v i t a m i n  C on t h e  f o u r t h  d a y  of  
t h e  g e r m i n a t i o n  o f  l e n t i l s .  T h i s  i n c r e a s e  i n  v i t a m i n  C was f o u n d  
to  b e  h i g h e s t  i n  l e n t i l s  co m p a r e d  t o  y e l l o w  p e a s  a n d  f a b a  b e a n s .
I n  d a r k - g r o w n  l e n t i l  s e e d l i n g s  a c c u m u l a t i o n  o f  v i t a m i n  C 
c o n t i n u e s  f o r  s e v e r a l  d a y s ,  t h e  e x a c t  m a x i m a l  t i m e  d e p e n d i n g  on 
t h e  v a r i e t y ,  and e x t e r n a l  c o n d i t i o n s  f o r  g e r m i n a t i o n  s u ch  as  
t e m p e r a t u r e ,  a e r a t i o n  a n d  m o i s t u r e  (REID,  1 9 3 8 ) .  The r e s u l t s  
a g r e e  w e l l  w i t h  t h o s e  o f  t h e  p r e s e n t  s t u d y  an d  w i t h  t h o s e  o f  WU 
and FENTON ( 1 9 5 3 )  a s  a l r e a d y  m e n t i o n e d .  REID ( 1 9 3 8 )  w o r k i n g  w i t h  
d a r k - g r o w n  cowpea s e e d l i n g s  h a s  shown t h a t  a s c o r b i c  a c i d  
i n c r e a s e d  up t o  t h e  f o u r t h  d a y  o f  g e r m i n a t i o n  a f t e r  w h i c h  i t  
d e c r e a s e d .  On t h e  o t h e r  h a n d ,  WAI f A '  ( 1 9 4 7 )  h a v e  r e p o r t e d  
t h a t  i n  s o y b e a n s ,  a s c o r b i c  a c i d  i n c r e a s e d  up t o  2 d a y s  a f t e r  
g e r m i n a t i o n ;  w h i l e  i n  l e n t i l s  i n  t h e  p r e s e n t  s t u d y  i t  was s t i l l  
i n c r e a s i n g  on  t h e  f i f t h  d a y  o f  g e r m i n a t i o n .  H o w e v e r ,  an i n c r e a s e  
i n  v i t a m i n  C o f  p e a s ,  s o y b e a n s ,  and  mung b e a n s  w i t h  i n c r e a s i n g  
g e r m i n a t i o n  t i m e  (up t o  t h e  s i x t h  d a y  a f t e r  g e r m i n a t i o n )  h a s  b e e n  
r e p o r t e d  by FORDHAM e t  a l . ( 1 9 7 5 ) .
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2 .  THIAMINE ^  DARK-GROWN LENTILS ^  ^  C
T h e r e  was an  i n c r e a s e  i n  t h e  t h i a m i n e  c o n t e n t  o f  a l l  f o u r  
v a r i e t i e s  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e  d a r k  ( t a b l e  3 2 ,  p .  
1 4 4 ) .  On t h e  f i f t h  d a y  o f  g e r m i n a t i o n  c o m p ar ed  t o  d r y  s e e d s ,  
t h i a m i n e  i n  AMR, LAG, JOR, and  SML i n c r e a s e d  f r o m  0 . 5 7  t o  0 . 9 5  
( 6 6 %),  f rom  0 . 4 5  to  0 . 7 8  (7 3 % ) ,  frcwi 0 . 5 0  t o  0 . 8 4  ( 6 8 %),  and f r o m  
0 . 3 9  t o  0 . 7 1  mg/ lOOg  (82%) r e s p e c t i v e l y .
T h e s e  r e s u l t s  a r e  i n  good a g r e e m e n t  w i t h  t h o s e  o f  WU and FENTON 
( 1 9 5 3 ) ,  b u t  n o t  w i t h  t h o s e  o f  CHEN £ t  £ ^ .  ( 1 9 7 5 )  who h a v e
r e p o r t e d  t h a t  i n  d a r k - g r o w n  g e r m i n a t e d  pea  s e e d s ,  t h e  t h i a m i n e  
c o n t e n t  was t h e  same a s  i n  d r y  s e e d s .
3 .  RIBOFLAVIN OF DARK-GROWN LENTILS ^  25 C
R i b o f l a v i n  a l s o  i n c r e a s e d  i n  a l l  f o u r  v a r i e t i e s  d u r i n g  
g e r m i n a t i o n  a t  25 C i n  t h e  d a r k  ( t a b l e  3 2 ,  p»144  ) « On t h e  f i f t h
day o f  g e r m i n a t i o n  co m p a r e d  t o  d r y  s e e d s ,  AMR, LAG, JOR, and SML 
i n c r e a s e d  f r o m  0 . 2 7  t o  0 . 7 9  (1 9 2 % ) ,  f rom 0 . 3 8  t o  1 . 1  (1 8 9 % ) ,  f rom 
0 . 3 4  t o  0 . 8 9  (1 6 1 % ) ,  and f r o m  0 . 2 1  to  0 . 7 3  mg/ lO Og (247%)
r e s p e c t i v e l y .
T h e s e  r e s u l t s  s h o w i n g  a n  i n c r e a s e  i n  t h e  r i b o f l a v i n  c o n t e n t  o f  
g e r m i n a t e d  l e n t i l s  a g r e e  w e l l  w i t h  t h o s e  o f  KYLEN and McCREADY 
( 1 9 7 5 )  b u t  n o t  w i t h  t h o s e  o f  HSU et.  ( 1 9 8 0 )  who showed t h a t
r i b o f l a v i n  r e m a i n e d  u n c h a n g e d  a f t e r  g e r m i n a t i o n .
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E f f e c t  o f  l i g h t  on v i t a m i n s
Mos t  o f  t h e  s t u d i e s  t o - d a t e  h a v e  b e e n  on c h a n g e s  i n  v i t a m i n s  i n  
g e n e r a l  an d  v i t a m i n  C i n  p a r t i c u l a r  d u r i n g  g e r m i n a t i o n  o f  l egum es  
i n  t h e  d a r k .  Few s t u d i e s  h a v e  b e e n  don e on c h a n g e s  i n  v i t a m i n  C 
d u r i n g  s e e d  g e r m i n a t i o n  i n  t h e  l i g h t ,  a l t h o u g h  FARHANGI and
VALADON ( 1 9 8 3 )  h a v e  shown • t h a t  i l l u m i n a t i o n  o f  mung be an  
s e e d l i n g s  f o r  24 h d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t o t a l  v i t a m i n  C 
c o n t e n t  o f  e t i o l a t e d  s e e d l i n g s .  On t h e  o t h e r  h a n d ,  KASKI e t
a l . ( 1 9 4 4 )  h a v e  shown t h a t  l i g h t  h a s  a b e n e f i c i a l  i n f l u e n c e  on
t h e  a s c o r b i c  a c i d  c o n t e n t  o f  t o m a t o e s .  The i n c r e a s e  i n  v i t a m i n  C 
i n  t h e  l i g h t  may be  d u e  d i r e c t l y  o r  i n d i r e c t l y  t o  t h e  i n f l u e n c e  
o f  l i g h t  on t h e  a c t i v i t y  o f  c h l o r o p l a s t s  (REID,  1 9 3 8 ) .  Ve ry few 
i n v e s t i g a t i o n s  h a v e  b e e n  c a r r i e d  o u t  on t h e  e f f e c t  o f  l i g h t  and
g e r m i n a t i o n  on v i t a m i n s  o t h e r  t h a n  a s c o r b i c  a c i d .  GUSTAFSON
( 1 9 4 8 )  h a s  i n v e s t i g a t e d  t h e  e f f e c t  o f  l i g h t  on t h i a m i n e  an d
r i b o f l a v i n  i n  p e a s ,  b e a n s  a n d  o t h e r  p l a n t s  an d  f o u n d  t h a t  t h e  
t h i a m i n e  c o n t e n t  i n  t h e s e  s p e c i e s  i s  g r e a t e r  i n  p l a n t s  s u b j e c t e d  
to  h i g h  l i g h t  i n t e n s i t y  t h a n  i n  p l a n t s  e x p o s e d  t o  d a r k n e s s  o r  t o
low l i g h t  i n t e n s i t y  an d  t h i s  was  a l s o  t r u e  f o r  r i b o f l a v i n .
E f f e c t  o f  t e m p e r a t u r e  on v i  t a m i n s
SOMERS ^  ( 1 9 4 8 )  h a v e  r e p o r t e d  t h a t  i n  t h e  d a r k  a s  t h e
t e m p e r a t u r e  i n c r e a s e d ,  t h e  a s c o r b i c  a c i d  i n c r e a s e d  a s  w e l l .  REID 
( 1 9 4 1 )  h a s  shown t h a t  t h e  t e m p e r a t u r e  o f  g e r m i n a t i o n  i n f l u e n c e s  
t h e  a s c o r b i c  a c i d  c o n t e n t  o f  d a r k - g r o w n  co w -p ea  s e e d l i n g s ,  e . g .  
h i g h e r  v i t a m i n  C a t  29 C t h a n  a t  22 C, and p o i n t s  o u t  t h a t  p l a n t s  
v a r y  w i t h  r e s p e c t  t o  v i t a m i n  C c o n t e n t s .  T h i s  i s  d e p e n d e n t  on t h e  
t e m p e r a t u r e  w h i c h  i s  m o s t  f a v o u r a b l e  f o r  g e r m i n a t i o n .
GUSTAFSON ( 1 9 5 0 )  h a s  r e p o r t e d  t h a t  n o t  a l l  p l a n t s  r e s p o n d  t o  t h e  
same e x t e n t  t o  t e m p e r a t u r e  i n  t h e i r  v i t a m i n  s y n t h e s i s ,  n o r  a r e
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a l l  v i t a m i n s  a f f e c t e d  i n  t h e  same w a y .  T h i a m i n e  an d  r i b o f l a v i n  
w e r e  fo u n d  t o  be  m o re  a b u n d a n t  i n  b e a n s ,  s o y b e a n s ,  a n d  t o m a t o e s  
grown a t  28 t o  30 C t h a n  b e t w e e n  10 a n d  15 C. I n  p e a s ,  t h e
t h i a m i n e  c o n t e n t  was h i g h e r  a t  b e t w e e n  28 t o  30 C, t h a n  a t  t h e
l o w e r  t e m p e r a t u r e s  t h o u g h  r i b o f l a v i n  w as  m o re  a b u n d a n t  a t  t h e
l a t t e r  t e m p e r a t u r e s .
CHANGES IN VITAMINS LENTILS GROWN AT 25 C ^  T ^  LIGHT 
VITAMIN C OF LENTILS GROWN AT ^  C ^  T ^  LIGHT
T a b l e  33 shows t h a t  t h e  v i t a m i n  C c o n t e n t  o f  g e r m i n a t i n g  l e n t i l  
s e e d s  i n c r e a s e d  e n o r m o u s l y .  V i t a m i n  C i n  AMR, LAG, JOR, and SML 
i n c r e a s e d  a f t e r  5 d a y s  g e r m i n a t i o n  when co m p a r e d  t o  d r y  s e e d s  
f rom 4 . 3 5  to  6 4 . 2 8  mg,  f r om  2 . 1 7  t o  3 8 . 2 ,  f rom 5 . 6  to  3 8 . 1 ,  and 
f rom  5 . 4 0  to  4 0 . 3  mg/ lO O g r e s p e c t i v e l y .  The r a t e  o f  v i t a m i n  C 
i n c r e a s e  was  h i g h e s t  on t h e  s e c o n d  day of  g e r m i n a t i o n  ( t a b l e  3 3 ,  
P ' 1 5 l ) .  T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  REID ( 1 9 3 8 )  
who h a s  r e p o r t e d  t h a t  l i g h t  h a s  a r e m a r k a b l e  e f f e c t  on t h e
a c c u m u l a t i o n  o f  a s c o r b i c  a c i d  d u r i n g  g e r m i n a t i o n ,  an d  t h e
i n c r e a s e  c o u l d  be d u e  t o  p h o t o s y n t h e s i s  o r  t o  t h e  c o n v e r s i o n  o f  
g l u c o s e  t o  a s c o r b i c  a c i d .  HAMMER and PARKS ( 1 9 4 4 )  u s i n g  
f l u o r e s c e n t  t y p e  l am p s  h a v e  r e p o r t e d  a  q u a n t i t a t i v e  r e l a t i o n s h i p  
b e t w e e n  l i g h t  and  a s c o r b i c  a c i d  l e v e l ,  and t h i s  r e l a t i o n s h i p  i s  
a l m o s t  i d e n t i c a l  i n  b o t h  yo u n g  a n d  o l d  p l a n t s .  O t h e r  co m p o u n d s ,  
e . g .  c a r o t e n o i d s  ( v i t a m i n  A p r e c u r s o r s ) ,  u n d e r  l i g h t  c o n d i t i o n s  
b e h a v e  i n  a  s i m i l a r  way t o  v i t a m i n  C, i . e .  i n  w h e a t  s e e d l i n g s  t h e  
b i o s y n t h e s i s  o f  c a r o t e n o i d s  w h i c h  c a n  o c c u r  i n  t o t a l  d a r k n e s s  i s  
g r e a t l y  s t i m u l a t e d  i n  l i g h t  (WOLF, 1 9 6 3 ) .
THIAMINE m  LENTILS GROWN 25 C ^  T ^  LIGHT
T h i a m i n e  i n c r e a s e d  i n  a l l  f o u r  l e n t i l  v a r i e t i e s  d u r i n g  
g e r m i n a t i o n  i n  t h e  l i g h t .
I n  AMR, LAG, JOR, an d  SML t h i a m i n e  i n c r e a s e d  a f t e r  5 d a y s
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g e r m i n a t i o n  when c o m p a r e d  t o  d r y  s e e d s  f rom  0 .5 7  t o  1 . 2 2 , f rom
0 . 4 5  t o  0 . 8 7 ,  f rom 0 . 5 0  t o  1 . 1 5 ,  an d  f r o m  0 . 3 9  t o  0 . 8 8  mg/ lOOg
r e s p e c t i v e l y  ( t a b l e  3 3 ,  P*15i ) •  T h e s e  r e s u l t s  a g r e e  w e l l  w i t h
t h o s e  o f  GUSTAFSON ( 1 9 4 8 )  who h a s  r e p o r t e d  t h a t  t h e  c o n c e n t r a t i o n  
o f  t h i a m i n e  i n  b e a n s  a n d  p e a s  i s  g r e a t e r  i n  p l a n t s  e x p o s e d  t o  
l i g h t  t h a n  i n  t h o s e  i n  t h e  d a r k .  He p r o v i d e d  e v i d e n c e  t h a t  ev e n  
th o u g h  l i g h t  d e s t r o y e d  some t h i a m i n e ,  o r  t h a t  i t  may b e  u s e d  up 
more  r a p i d l y  i n  t h e  l i g h t  t h a n  i n  t h e  d a r k ,  y e t  a s  a r e s u l t  o f  
p h o t o s y n t h e s i s ,  a  much l a r g e r  am ou nt  was  f o u n d  i n  t h e  l i g h t .
RIBOFLAVIN m  LENTILS GROWN Ç IN LIGHT
R i b o f l a v i n  a l s o  i n c r e a s e d  i n  t h e  f o u r  l e n t i l  v a r i e t i e s .  I n  AMR, 
LAG, JOR, a n d  SML r i b o f l a v i n  o f  5 - d a y  g e r m i n a t e d  s e e d s  i n c r e a s e d  
f rom 0 . 2 7  t o  0 . 6 5 ,  f rom 0 . 3 8  t o  0 . 6 8 , f rom 0 . 3 4  t o  0 . 7 2 ,  a n d  f ro m  
0 . 2 1  to  0 . 5 1  mg/ lOOg r e s p e c t i v e l y  ( t a b l e  3 3 ) .  HAMILTON an d  
VANDERSTOEP ( 1 9 7 9 )  h a v e  r e p o r t e d  a n  i n c r e a s e  i n  r i b o f l a v i n  o f
l i g h t - g r o w n  a l f a l f a  s e e d s  f r o m  0 . 7 4  t o  2 . 3  mg/ lO Og  on t h e  f i f t h
day o f  g e r m i n a t i o n .  T h e s e  r e s u l t s  a r e  n o t  t h e  same f o r  a l l  
s p e c i e s  t e s t e d ,  s i n c e  t h e  r i b o f l a v i n  c o n t e n t  was  n o t  h i g h e r  i n  
l i g h t  g e r m i n a t e d  s e e d l i n g s  o f  mung b e a n s ,  s o y b e a n s ,  a n d  l e n t i l s  
(VANDERSTOEP, 1 9 8 1 ) .
From t h e  p r e s e n t  s t u d y ,  t h e  p a t t e r n  o f  b e h a v i o u r  ( s h o w i n g  a n  
i n c r e a s e  w i t h  t i m e  i n  l i g h t )  o f  t h e  t h r e e  v i t a m i n s  i n  t h e  f o u r  
l e n t i l  v a r i e t i e s  a r e  t h e  s am e ,  b u t  t h e y  d i f f e r  f rom e a c h  o t h e r  i n  
t h e  d e g r e e  o f  r e s p o n s e .
RESULTS AND DISCUSSION
CHANGES m  VITAMIN C OF LENTILS GROWN 35 C ^  lARK
I n  t h e  p r e s e n t  s t u d y  ( t a b l e  3 4 ,  f i g .  1 4 )  t h e  v i t a m i n  C c o n t e n t  o f  
l e n t i l s  g e r m i n a t e d  a t  35 C i n  t h e  d a r k  i n c r e a s e d  a n d  r e a c h e d  i t s
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Fig. 14: Changes in vitamin C of lentil varie ties  germ inated in the  dark
and in the light a t  25°C, and in the dark a t  35°C
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maximum c o n t e n t  e i t h e r  on t h e  s e c o n d  o r  t h e  t h i r d  day o f  
g e r m i n a t i o n ,  and t h e n  s t a r t e d  d e c r e a s i n g  g r a d u a l l y .
I n  AMR, LAG, an d  SML v i t a m i n  C i n c r e a s e d  on  t h e  s e c o n d  day of  
g e r m i n a t i o n  t o  4 1 . 1 ,  3 4 . 5 ,  and  3 8 . 7  mg/ lOOg r e s p e c t i v e l y ,  t h e n  on 
t h e  f i f t h  d a y  i t  d e c r e a s e d  t o  2 1 . 5 ,  1 7 . 4 ,  and 2 5 . 5  mg/ lOOg;  w h i l e  
i n  JOR on t h e  t h i r d  day i t  i n c r e a s e d  m a x i m a l l y  t o  4 2 . 5 ,  
d e c r e a s i n g  t o  2 6 . 8  m g / lO O g .
On t h e  f i f t h  d a y  o f  g e r m i n a t i o n ,  v i t a m i n  C i n  t h e  f o u r  v a r i e t i e s  
r a n g e d  f r o m  370 to  577% ( t a b l e  3 4 ) .  From t h e  p r e s e n t  s t u d y ,  i t  
c a n  be s e e n  t h a t  d u r i n g  g e r m i n a t i o n  a t  35 C i n  t h e  d a r k ,  i n  t h e  
e a r l y  s t a g e s  o f  g e r m i n a t i o n ,  h i g h e r  r a t e s  o f  a c c u m u l a t i o n  o f  
v i t a m i n  C a r e  o b t a i n e d  a n d  v i t a m i n  C c o n t e n t  r e a c h e s  i t s  maximum 
i n  m o s t  v a r i e t i e s  on t h e  s e c o n d  day of  g e r m i n a t i o n ,  a f t e r  w h ic h  
i t  s t a r t s  t o  d e c l i n e .
An i n c r e a s e  i n  v i t a m i n  C c o n t e n t  a s  t h e  t e m p e r a t u r e  i n c r e a s e s  h a s  
a l r e a d y  b e e n  r e p o r t e d  by SOMERS ^  a l .  ( 1 9 4 8 )  v ^ o  h a v e  shown t h a t  
a s  t e m p e r a t u r e  i n c r e a s e s  f r o m  24 t o  30 C i n  t h e  d a r k ,  t h e  
a s c o r b i c  a c i d  c o n t e n t  i n c r e a s e s .  So d i d  REID ( 1 9 4 1 )  who showed a 
r e l a t i o n s h i p  b e t w e e n  i n c r e a s e  i n  t e m p e r a t u r e  f rom 22 t o  29 C and 
a c c u m u l a t i o n  o f  v i t a m i n  C i n  c o w -p e a  s e e d l i n g s .
On t h e  f i f t h  d a y  o f  g e r m i n a t i o n  a t  35 C i n  t h e  d a r k ,  t h e  v i t a m i n  
C c o n t e n t  was  f o u n d  t o  b e  l o w e r  t h a n  on t h e  f i f t h  d a y  o f  
g e r m i n a t i o n  a t  25 C i n  t h e  d a r k .  D a r k - g r o w n  l e n t i l  s e e d l i n g s  a t  
25 C a r e  n u t r i t i o n a l l y  s u p e r i o r  t o  t h o s e  grown a t  35 C i n  t h e  
d a r k .
CHANGES ^  THIAMINE OF LENTILS GROWN 35 C ^  T ^  DARK
I n  t h e  p r e s e n t  s t u d y  ( t a b l e  3 4 ,  f i g .  1 5 ) ,  t h e  t h i a m i n e  c o n t e n t  o f  
l e n t i l s  g e r m i n a t e d  a t  35 C i n  t h e  d a r k  i n c r e a s e d  t o  a maximum, 
an d  t h e n  d e c r e a s e d  g r a d u a l l y .
I n  AMR, LAG, an d  JOR t h i a m i n e  i n c r e a s e d  t o  0 . 7 8  mg/ lOOg (33%) on
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Fig. 15: Changes in thiamine of lentil varie ties germ inated in the
dark and in the light a t  25°C, and in the  dark a t  35°C
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t h e  s e c o n d  day o f  g e r m i n a t i o n ,  f rom 0 .4 5  to  0 . 6 5  (3 1 % ) ,  an d  f r o m  
0 . 5 0  t o  0 . 6 8  mg/ lOOg (36%) r e s p e c t i v e l y ,  t h e n  on t h e  f i f t h  d a y  i t  
d e c r e a s e d  t o  0 . 3 5  mg/ lOOg (3 8% ),  t o  0 . 2 5  (44%) and t o  0 . 4 1  mg 
/ lO O g (18%) r e s p e c t i v e l y .  I n  SML h o w e v e r ,  o n  t h e  t h i r d  day i t  
i n c r e a s e d  f r om  0 . 3 9  t o  0 . 6 3  mg/ lOOg (6 1% ),  an d  t h e n  on t h e  f i f t h  
day i t  d e c r e a s e d  t o  0 . 3 1  mg/ lOOg (2 1% ).
The r e s u l t s  o f  t h i s  s t u d y  a g r e e  w i t h  t h o s e  o f  GUSTAFSON ( 1 9 5 0 )  
who o b s e r v e d  t h a t  t h i a m i n e  c o n t e n t  o f  s o y b e a n s ,  b e a n s  a n d  p e a s  a t  
t e m p e r a t u r e s  o f  b e t w e e n  27 to  30 C was h i g h e r  t h a n  t h a t  a t  t h e  
l o w e r  t e m p e r a t u r e s  o f  b e t w e e n  10 an d  15 C .
CHANGES ^  RIBOFLAVIN ^  LENTILS GROWN 35 C ^  T M  DARK
I n  t h i s  s t u d y  ( t a b l e  3 4 ,  f i g .  1 6 ) ,  t h e  r i b o f l a v i n  c o n t e n t  o f  
l e n t i l s  d u r i n g  g e r m i n a t i o n  a t  35 C i n c r e a s e d  t o  a maximum and 
t h e n  d e c r e a s e d  g r a d u a l l y .
I n  AMR, LAG, JOR an d  SML, on t h e  t h i r d  day of  g e r m i n a t i o n ,  
c o m p a r e d  t o  d r y  s e e d s  r i b o f l a v i n  i n c r e a s e d  f ro m  0 . 2 7  t o  0 . 3 7
mg/ lOOg ( 3 7 % ) ,  f rom 0 . 3 8  tO 0 . 5 4  ( 4 2 % ) ,  f rom 0 . 3 4  t o  0 . 5 6  (64%) 
and  f ro m  0 . 2 1  to  0 . 4 0  mg/ lO O g (90%) r e s p e c t i v e l y  an d  t h e n  on t h e  
f i f t h  d a y  i t  d e c r e a s e d  t o  0 . 2 2  mg (1 8% ),  t o  0 . 3 1  m g(16% ) ,  t o
0 . 28mg (19%) and t o  0 . 1 9  mg/ lO Og (30%) r e s p e c t i v e l y .  I n  a l l  f o u r  
v a r i e t i e s ,  r i b o f l a v i n  r e a c h e d  i t s  maximum c o n t e n t  on t h e  t h i r d  
day o f  g e r m i n a t i o n .
The r e s u l t s  o f  t h i s  s t u d y  a g r e e  w e l l  w i t h  t h o s e  o f  GUSTAFSON
( 1 9 5 0 )  who h a s  r e p o r t e d  t h a t  i n  s o y b e a n s  a n d  i n  p ea s  t h e  
r i b o f l a v i n  c o n t e n t  was 2 . 4  an d  1 . 6  y g /g  r e s p e c t i v e l y  a t  
t e m p e r a t u r e s  o f  b e t w e e n  27 an d  30 C, w h i l e  a t  t h e  l o w e r  r a n g e  o f  
b e t w e e n  10 an d  15 0 ,  i t  was  2 . 1  an d  1 . 9  y g /g  r e s p e c t i v e l y .
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Fig. 16: Changes in riboflavin of lentils germ inated in the  dark
and in the light a t  25°C, and in the dark a t  35°C
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G e n e r a l  D i s c u s s i o n  On S e c t i o n  1
Food  i s  r e q u i r e d  by man f o r  m e t a b o l i c  p r o c e s s e s  a n d  p h y s i c a l  
g r o w t h .  The n u t r i t i v e  co m p o n en t s  i n v e s t i g a t e d  i n  l e n t i l s  w e r e  
c a r b o h y d r a t e s ,  l i p i d s ,  p r o t e i n s  a n d  t h r e e  v i t a m i n s :  v i t a m i n  C,
t h i a m i n e  a n d  r i b o f l a v i n .  Man n e e d s  d i f f e r e n t  am o u n t s  o f  d i f f e r e n t  
n u t r i e n t s .  Recommended D i e t a r y  A l l o w a n c e s  (RDA) h a v e  b e e n  
s u g g e s t e d  a n d  t h e s e  h e l p  i n  e v a l u a t i n g  t h e  a d e q u a c y  of  f o o d  i n  
m e e t i n g  m a n ' s  n u t r i t i o n a l  n e e d s .
D i f f e r e n t  c o u n t r i e s  h a v e  d i f f e r e n t  RDAs a n d  i n  t h e  p r e s e n t  s t u d y ,  
t h e  FAO/WHO Recommended I n t a k e s  f o r  N u t r i e n t s  (RDA) f o r  an  a d u l t  
man was  u s e d .  The r e s u l t s  w i l l  be  b a s e d  on a n  a d u l t  e a t i n g  lOOg 
d ry  w e i g h t  o f  l e n t i l s  p e r  d a y .
I t  h a s  b e e n  s u g g e s t e d  by HANSEN an d  WYSE ( 1 9 8 0 )  t h a t  35% of  t o t a l  
c a l o r i e s  m u s t  b e  s u p p l i e d  a s  f a t  a n d  t h e  r e m a i n d e r  a s  c a r b o h y d ­
r a t e s .  T h i s  i s  e s p e c i a l l y  s o  i n  d e v e l o p i n g  c o u n t r i e s  w h e r e  t h e  
f o o d  e n e r g y  i s  s o m e t i m e s  b e l o w  2 , 0 0 0  K C a l , i n  such  c a s e  f a t  
s h o u l d  b e  r e d u c e d  t o  no m o r e  t h a n  35% d i e t a r y  e n e r g y .
I n  t h e  p r e s e n t  s t u d y ,  a l t h o u g h  f o u r  v a r i e t i e s  o f  l e n t i l s  w e r e  
i n v e s t i g a t e d ,  t h e i r  n u t r i e n t s  d i d  n o t  v a r y  a l l  t h a t  w i d e l y .
An a t t e m p t  was  t h e r e f o r e  made  t o  c o l l e c t  t h e  maximum n u t r i e n t s  
f rom a l l  f o u r  v a r i e t i e s  a n d  t o  com pare  t h e s e  w i t h  t h e  FAO/WHO 
RDAs.
C a r b o h y d r a t e s  a r e  r e q u i r e d  by man t o  p r o v i d e  e n e r g y  b u t  a t  t h e  
p r e s e n t  t i m e  t h e r e  i s  no  RDA f o r  t h e s e  compounds  b e c a u s e  t h e y  c a n  
be p r o d u c e d  i n  t h e  b o d y .  I t  i s  d e s i r a b l e  t o  i n c l u d e  50 t o  lOOg o f  
c a r b o h y r a t e s  i n  t h e  d i e t  d a i l y  t o  a v o i d  k e t o s i s ,  e x c e s s i v e  b r e a k ­
down o f  b o d y  p r o t e i n  a n d  i n v o l u n t a r y  d e h y d r a t i o n  (LAPEDES, 1 9 7 7 ) .  
Dry u n p r o c e s s e d  AMR s e e d s  c o n t a i n  5 1 . 1  g t o t a l  a v a i l a b l e  c o r b o h y -  
d r a t e s  w h i c h  w o u l d  be j u s t  s u f f i c i e n t  f rom t h e  a b o v e .  H o w e v e r ,  
when grow n f o r  5 d ay s  i n  t h e  d a r k  a t  25 C o r  a t  35 C o r  i n  t h e  
l i g h t  a t  25 C t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  d e c r e a s e d ;  t h e  b e s t
R . H . B . N . C ,
l u i R A a Y
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am oun t  o b t a i n e d  was 5 0 . 2g ( s t i l l  w i t h i n  t h e  r a n g e  5 0 - 1 0 0 g )  i n  AMR 
on t h e  f i r s t  day  o f  g e r m i n a t i o n  i n  t h e  l i g h t :  s o ,  d ry  l e n t i l
s e e d s  a r e  good a t  p r o v i d i n g  c a r b o h y d r a t e s .
Legume s e e d s  on t h e  w h o l e  do n o t  c o n t a i n  l a r g e  a m o u n t s  o f  l i p i d s  
an d  i t  i s  n o t  u n e x p e c t e d  t o  f i n d  t h a t  JOR s e e d s  c o n t a i n e d  t h e  
m ax im a l  l i p i d  c o n t e n t  o f  1 . 3 g  w h i c h  i s  v e r y  i n s u f f i c i e n t  i n  t e r m s
of  t h e  c a r b o h y d r a t e  : l i p i d  r a t i o  o f  65 : 3 5 .  T o t a l  l i p i d s
d e c r e a s e d  d u r i n g  g e r m i n a t i o n ;  t h e  b e s t  t h a t  was  o b t a i n e d  ( l . l g  i n  
JOR on t h e  f i r s t  day o f  g e r m i n a t i o n  i n  t h e  d a r k  a t  25 C ) i s  n o t  
a s  go od  a s  d ry  s e e d s .
SML d r y  s e e d s  c o n t a i n  4 . 8 g  c r u d e  f i b r e .  A t  t h e  p r e s e n t  t i m e  t h e r e
i s  no RDA f o r  i t .  D i e t s  w h i c h  a r e  h i g h  i n  c r u d e  f i b r e  a r e
b e n e f i c i a l  t o  hu m ans ,  s i n c e  l a c k  o f  them c a u s e s  c e r t a i n  d i s e a s e s  
o f  t h e  c o l o n .  H o w ev er ,  when s e e d s  a r e  g e r m i n a t e d  u n d e r  t h e  ab o v e  
m e n t i o n e d  c o n d i t i o n s  c r u d e  f i b r e  i n c r e a s e d ;  t h e  b e s t  o b t a i n e d  was 
1 2 . 4g SML on t h e  f i f t h  d ay  o f  g e r m i n a t i o n  i n  t h e  d a r k  a t  35 C. 
Dry u n p r o c e s s e d  SML s e e d s  c o n t a i n  t h e  maximum p r o t e i n  ( 2 7 . 5 g )  
w h i c h  p r o v i d e s  74% RBA. H o w e v e r ,  when grown u n d e r  t h e  ab o v e  
c o n d i t i o n s  p r o t e i n  d e c r e a s e d :  t h e  b e s t  t h a t  w as  o b t a i n e d  ( 2 5 . 6g
i n  SML on t h e  f i r s t  day  o f  g e r m i n a t i o n  a t  25 C i n  t h e  l i g h t ) ,  
s u p p l i e s  o n l y  69% RDA.
Dry u n p r o c e s s e d  l e n t i l  s e e d s  c o n t a i n  e i g h t e e n  a m i n o  a c i d s .  Most  
amino  a c i d s  d e c r e a s e d  d u r i n g  g e r m i n a t i o n  u n d e r  t h e  p r e v i o u s l y  
m e n t i o n e d  c o n d i t i o n s  e x c e p t  f o r  l y s i n e ,  an e s s e n t i a l  amino a c i d  
w h i c h  i n c r e a s e d  s l i g h t l y  d u r i n g  g e r m i n a t i o n  a t  25 C i n  t h e  d a r k  
i n  AMR.
Dry u n p r o c e s s e d  JOR s e e d s  c o n t a i n  5 .6mg v i t a m i n  C, w h ic h  r e p r e ­
s e n t s  19% RDA. A s c o r b i c  a c i d  d e f i c i e n c y  c a n  c a u s e  s c u r v y  a n d  t h i s  
c a n  be p r e v e n t e d  by a h i g h e r  i n t a k e  o f  t h i s  v i t a m i n .  H ow ever ,  
when s e e d s  a r e  grown f o r  5 days  i n  t h e  d a r k  a t  25 C an d  35 C o r  
a t  25 C i n  t h e  l i g h t ,  v i t a m i n  C i n c r e a s e d :  t h e  b e s t  t h a t  was
o b t a i n e d  (SS.Omg i n  AMR on t h e  f i f t h  day o f  g e r m i n a t i o n  a t  25 C
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i n  t h e  d a r k  ) p r o v i d e s  s u b s t a n t i a l l y  more  t h a n  t h e  RDA o f  30mg.
Dry AMR s e e d s  c o n t a i n  0 .57mg t h i a m i n e ,  a n d  t h i s  a c c o u n t s  f o r  47% 
RDA. T h i a m i n e  d e f i c i e n c y  w i l l  c a u s e  b e r i b e r i .  S e e d s  wh en 
g e r m i n a t e d  u n d e r  t h e  a b o v e  m e n t i o n e d  c o n d i t i o n s  showed a n  
i n c r e a s e  i n  t h i a m i n e  : t h e  b e s t  t h a t  was o b t a i n e d  ( 1 . 2 2 mg i n  AMR 
on t h e  f i f t h  day o f  g e r m i n a t i o n  a t  25 C i n  t h e  l i g h t  ) s u p p l i e s  
79% RDA.
Dry LAG s e e d s  c o n t a i n  0 .38m g r i b o f l a v i n ;  t h i s  p r o v i d e s  21% RDA. 
H o w e v e r ,  when grown u n d e r  t h e  a b o v e  m e n t i o n e d  c o n d i t i o n s  r i b o f l a ­
v i n  i n c r e a s e d :  t h e  b e s t  t h a t  was o b t a i n e d  ( l . l m g  i n  LAG on t h e
f i f t h  day  o f  g e r m i n a t i o n  a t  25 C i n  t h e  d a r k  ) p r o v i d e s  69% REA.
On t h e  w h o l e  t h e r e f o r e ,  g e r m i n a t i o n  i n c r e a s e s  v i t a m i n s  s u b s t a n ­
t i a l l y  an d  t h e y  may t h u s  b e  s u f f i c i e n t  f o r  t h e  d a i l y  
r e q u i r e m e n t s .  G e r m i n a t e d  l e n t i l s  a r e  a g o o d  s o u r c e  of  t h e  t h r e e  
v i t a m i n s  s t u d i e d  h e r e .  U n l i k e  o t h e r  l a r g e r  s p r o u t s  , w h ich  a r e  
p a l a t a b l e  o n l y  i n  t h e  e t i o l a t e d  f o r m ,  l e n t i l s  may be  e a t e n
e t i o l a t e d  o r  a s  l i g h t - g r o w n  s e e d l i n g s .  T h i s  i s  a n  a d d e d  a d v a n t a g e  
o f  l e n t i l s  o v e r  o t h e r  l e g u m e s  e . g .  mung bean  s p r o u t s .
F i n a l l y ,  i n  s p i t e  o f  v a r i a t i o n s  i n  t h e  n u t r i e n t s  u n d e r  t h e  g r o w t h  
c o n d i t i o n s  d i s c u s s e d  a b o v e ,  d ry  l e n t i l  s e e d ,  s t i l l  r e p r e s e n t s  one 
o f  t h e  m o s t  n u t r i t i o u s  f o r m s  o f  f o o d ,  i s  r e a d i l y  a v a i l a b l e  a n d  i s  
n o t  e x p e n s i v e ,  t h e r e f o r e ,  i n  S e c t i o n  11 o f  t h e  p r e s e n t  s t u d y  o n l y  
l e n t i l  s e e d s  w i l l  be u s e d  f o r  f u r t h e r  s t u d y .
C h an g es  i n  n u t r i t i o n a l  v a l u e  o f  l e n t i l  s e e d s  a f t e r  two d i f f e r e n t  
p r o c e s s i n g  t e c h n i q u e s :
1 ) home p r o c e s s i n g  ( s o a k i n g  + c o o k i n g )  a n d
2 ) c a n n i n g  w i l l  be i n v e s t i g a t e d  a s  w e l l  a s  t h e  e f f e c t s  o f  s t o r i n g
t h e  c a n ^ ^  p r o d u c t s  a t  25 C a n d  35 C o v e r  a p e r i o d  o f  t w e l v e
m o n t h s , ^ w i l l  be  t h e  s u b j e c t  o f  t h e  n e x t  S e c t i o n .
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CHAPTER VI
EFFECT OF HOME PROCESSING ON CERTAIN NUTRIENTS OF LENTILS
I m p o r t a n c e ,  f u n c t i o n  and b e n e f i c i a l  a s p e c t s  o f  c o o k i n g
C o o k i n g  may be  d e f i n e d  a s  t h e  a r t  and s c i e n c e  o f  h e a t i n g  f o o d  t o  
make i t  m o r e  p a l a t a b l e ,  n u t r i t i o u s  an d  f r e e  f rom n a t u r a l  t o x i c  
c o n s t i t u e n t s .  C o o k i n g  p r o c e s s i n g  m akes  h a r d  s e e d s  s o f t  by  i m p r o ­
v i n g  t h e  p l a s t i c i t y  o f  t h e  c e l l  , t h u s  f a c i l i t a t i n g  c e l l  
e x p a n s i o n  an d  r e d u c t i o n  o f  t h e  i n t e r c e l l u l a r  a d h e s i o n .  BENDER 
( 1 9 7 2 )  h a s  r e p o r t e d  t h a t  t h e  n u t r i t i v e  v a l u e  o f  m o s t  l eg u m es  i s  
i m p r o v e d  by c o o k i n g ,  and t h i s  i s  p a r t l y  due  t o  t h e  d e s t r u c t i o n  o f  
t r y p s i n  i n h i b i t o r s  a n d  t o x i c  s u b s t a n c e s  an d  p a r t l y  t o  im p r o v e d  
d i g e s t i b i l i t y .  D e s t r u c t i o n  o f  c e r t a i n  s u b s t a n c e s  w h i c h  o c c u r  i n  
m o s t  l e g u m e s ,  t h a t  i n h i b i t  human d i g e s t i v e  enzymes  i n c r e a s e s  t h e  
n u t r i t i v e  v a l u e  o f  t h e  f o o d ;  h e a t  t r e a t m e n t  e . g .  c o o k i n g  bey ond
t h a t  n e e d e d  f o r  t h i s  p u r p o s e  d e s t r o y s  t h e s e  s u b s t a n c e s  an d  c a u s e s
a  r e d u c t i o n  i n  t h e i r  n u t r i t i v e  v a l u e  (BENDER, 1 9 7 8 ) .
L o s s e s  i n  n u t r i e n t s  t h a t  o c c u r  when f o o d s  a r e  c o o k e d  d ep en d  upon 
t h e  f r e s h n e s s  o f  t h e  f o o d ,  t h e  s i z e  o f  t h e  p r o d u c t ,  t y p e  o f  t h e  
e q u i p m e n t ,  am ou nt  o f  w a t e r  d u r i n g  c o o k i n g ,  l e n g t h  o f  t im e  and 
t e m p e r a t u r e  o f  c o o k i n g  (LACHANCE, 1 9 7 5 ) .  N u t r i e n t  l o s s e s  a r e  
c a u s e d  i n  p a r t  by  l o s s  i n  c o o k i n g  w a t e r  an d  i n  p a r t  by 
d e s t r u c t i o n  due t o  h e a t .  The f o l l o w i n g  a r e  e x a m p l e s  o f  t h e  e f f e c t
o f  c o o k i n g  on v a r i o u s  n u t r i t i o n a l  c o m p o n e n t s  a n d  v i t a m i n s  i n
v e g e t a b l e s .  R e t e n t i o n  o f  r i b o f l a v i n  i n  c a b b a g e  d e p e n d s  on t h e  
vo lum e o f  w a t e r  u s e d  : a  l a r g e  v o lu m e  t e n d s  t o  c a u s e  a l a r g e
d e c r e a s e  o f  t h i s  v i t a m i n .  I f  a c o o k i n g  pan i s  c o v e r e d ,  t h i s  g i v e s  
a d v a n t a g e s  i n  t h a t  m o r e  a s c o r b i c  a c i d  may be  r e t a i n e d  (SALUNKHE, 
1 9 7 4 ) .  A l s o  t h e  t i m e  o f  b o i l i n g  i s  v e r y  i m p o r t a n t  s i n c e  r e t e n t i o n  
o f  a s c o r b i c  a c i d  i s  g r e a t l y  r e d u c e d  when b r o c c o l i  i s  b o i l e d  f o r  
l o n g  p e r i o d s  o f  t i m e .  The a m o u n t s  o f  some e s s e n t i a l  amino a c i d s  
r e t a i n e d  a r e  d i f f e r e n t  d u e  t o  t h e  d i f f e r e n t  m e t h o d s  o f  c o o k i n g .
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SMITH ( 1 9 6 8 )  h a s  r e p o r t e d  t h a t  am o u n t s  o f  t r y p t o p h a n  v a r i e d  
a c c o r d i n g  a s  t o  w h e t h e r  p o t a t o e s  w e r e  b o i l e d ,  f r i e d ,  o r  m a s h e d .  
A l t h o u g h  o t h e r  le g u m e  p r o c e s s i n g  t e c h n i q u e s  ( e . g .  f e r m e n t a t i o n ,  
s p r o u t i n g )  a r e  u s e d  a s  a l t e r n a t i v e  p r o c e d u r e s  f o r  u t i l i z i n g  
l e g u m e s  i n  many a r e a s  o f  t h e  W o r l d ,  s o a k i n g  a n d  b o i l i n g  i s  
p r o b a b l y  t h e  m o s t  w i d e l y  u s e d  (ROCKLAND, 1 9 7 8 ) .
Aims o f  t h i s  p a r t  o f  t h e  s t u d y
A l a r g e  number  o f  s t u d i e s  on t h e  e f f e c t  o f  p r o c e s s i n g  on g r a i n  
l e g u m e s  e s p e c i a l l y  s o y b e a n s  h a v e  b e e n  c a r r i e d  o u t .  U n t i l  
r e c e n t l y ,  o n l y  t h o s e  l e g u m e s  o f  p r i m a r y  i m p o r t a n c e  t o  
i n d u s t r i a l i z e d  c o u n t r i e s  s u ch  a s  b e a n s ,  and p e a s  h a v e  r e c e i v e d  
much a t t e n t i o n  f r o m  p l a n t  b r e e d e r s  (WALKER an d  KOCHHAR, 1 9 8 2 ) ,  
w h i l e  o t h e r  l e g u m e s  e . g .  l e n t i l s  h a v e  r e c e i v e d  l i t t l e  o r  no 
a t t e n t i o n .  S o ,  v e r y  l i t t l e  i s  known c o n c e r n i n g  t h e  e f f e c t s  o f  
p r o c e s s i n g  on l e n t i l s .  The home p r o c e s s i n g  ( s o a k i n g  a n d  c o o k i n g )  
o f  l e n t i l s ,  l i k e  t h a t  o f  o t h e r  l e g u m e s  m a k e s  them more  a c c e p t a b l e  
t o  t h e  c o n s u m e r ,  b u t  i t  a l s o  may a l t e r  t h e  b i o a v a i l a b i l i t y  o f
c e r t a i n  n u t r i e n t s .  Very  l i t t l e  i s  known c o n c e r n i n g  t h e  n u t r i e n t s
of  l e n t i l s  d u r i n g  home p r o c e s s i n g  a l t h o u g h  i n  some c a s e s ,  c h a n g e s  
i n  s p e c i f i c  n u t r i e n t s  h a v e  b e e n  i n v e s t i g a t e d ,  b u t  t h e  c o o k i n g  
c o n d i t i o n s  w e r e  n o t  a l w a y s  s p e c i f i e d .  Most  o f  t h e s e  
i n v e s t i g a t i o n s  h a v e  d e a l t  m a i n l y  w i t h  c h a n g e s  i n  a m in o  a c i d s  an d  
i n  p r o t e i n s  (AHMAD an d  SHAH, 1 9 7 5 ;  MORCOS e_t a l . ,  1 9 7 6 ) .
C h an g es  i n  t h e  v i t a m i n  c o n t e n t s  o f  some l e g u m e s  h a v e  a l r e a d y  b e e n
r e p o r t e d  (AUGUST ^  a l . ,  1 9 8 1 ) ,  an d  t h e s e  h a v e  c e n t r e d  l a r g e l y  on 
t h e  c h a n g e s  o f  v i t a m i n  C d u r i n g  c o o k i n g  (LACHANCE, 1 9 7 5 ) ,  w i t h  
v e r y  l i t t l e  on o t h e r  v i t a m i n s  e . g .  t h i a m i n e  an d  r i b o f l a v i n .  The 
p r e s e n t  s t u d y  w i l l  i n v e s t i g a t e  t h e  e f f e c t  o f  c o o k i n g  on  v i t a m i n  
C, on two o t h e r  v i t a m i n s  : t h i a m i n e  an d  r i b o f l a v i n ,  on
c a r b o h y d r a t e s ,  on p r o t e i n ,  an d  a m i n o  a c i d s  o f  f o u r  v a r i e t i e s  o f  
l e n t i l s .
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MATERIALS AND METHODS 
C o o k i n g  (home p r o c e s s i n g )
The m e t h o d  o f  MEINERS a l . ( 1 9 7 6 )  was u s e d  w i t h  s l i g h t
m o d i f i c a t i o n .  One h u n d r e d  g o f  e a c h  o f  t h e  f o u r  v a r i e t i e s  w e r e  
s o a k e d  i n  500 ml w a t e r  f o r  2 h o u r s ,  when t h e y  w e re  w a s h e d  w i t h  
f r e s h  w a t e r ,  and t r a n s f e r r e d  t o  a g l a s s  c o o k i n g  p a n .  F i v e  
h u n d r e d  ml o f  w a t e r  was  a d d e d  t o  ea c h  p a n ,  t h e n  co o k e d  f o r  1 h a t  
100 C ( 1 : 5  l e n t i l  to  w a t e r  r a t i o ) .
T h i s  r a t i o  was fo u n d  t o  b e  b e s t  f o r  l e n t i l s  w h i c h  a b s o r b  x3 of  
t h e i r  w e i g h t  : t h e r e f o r e ,  w a t e r  i n  l e s s  t h a n  300 m l / l O O g  i s  n o t
s u f f i c i e n t ,  and  1 1 / lO O g i s  f a r  t o o  l a r g e  a v o l u m e .
From now o n ,  t h i s  p r o c e d u r e  o f  c o o k i n g  l e n t i l s  w i l l  be  r e f e r r e d  
t o  a s  home p r o c e s s i n g  o r  s i m p l y  t o  c o o k i n g .
E f f e c t  o f  home p r o c e s s i n g  on t o t a l  a v a i l a b l e  c a r b o h y d r a t e s , 
s t a r c h e s , an d  e t h a n o l - s o l u b l e  s u g a r s  o f  l e n t i l s
As a r e s u l t  o f  c h a n g e s  i n  c e l l u l a r  s t r u c t u r e ,  a l l  p l a n t  f o o d s  a r e  
s o f t e n e d  when c o o k e d .  The c e l l s  may e i t h e r  b e  s e p a r a t i n g ,  
r u p t u r i n g ,  s h r i n k i n g ,  o r  a  c o m b i n a t i o n  o f  t h e s e  c h a n g e s  may 
o c c u r .  MEYER ( 1 9 7 8 )  h a s  r e p o r t e d  t h a t  i n  g e n e r a l  c h a n g e s  i n  
c a r b o h y d r a t e s  a f t e r  c o o k i n g ,  may b e  s u m m a r i s e d  a s  f o l l o w s  :•
( i )  s o l u b i l i t y ,  f o r  d u r i n g  t h e  c o o k i n g  p r o c e s s  s o l u b l e  c a r b o h y d ­
r a t e s  a r e  d i s s o l v e d ,  and
( i i )  h y d r o l y s i s ,  f o r  d u r i n g  t h e  c o o k i n g  p r o c e s s  some p o l y s a c c h a ­
r i d e s  a r e  h y d r o l y s e d .
F u r t h e r ,  p e c t i c  s u b s t a n c e s  u n d e r g o  h y d r o l y s i s ,  a s  do s t a r c h e s  b u t  
t o  a  l i m i t e d  e x t e n t .
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The n u t r i t i o n a l  v a l u e  o f  f o o d  c a r b o h y d r a t e  i s  a n  i n t e g r a l  p a r t  
o f  i t s  c h e m i c a l ,  p h y s i c a l ,  and b i o l o g i c a l  p r o p e r t i e s .  BIRCH 
( 1 9 7 7 )  h a s  r e p o r t e d  t h a t  h e a t  a f f e c t s  d i f f e r e n t  c a r b o h y d r a t e s  t o  
d i f f e r e n t  e x t e n t  i n  f o o d .
The f o l l o w i n g  p h y s i c a l  c h a n g e s  o c c u r  d u r i n g  t h e  c o o k i n g  o f  s t a r c h  
c o n t a i n i n g  m a t e r i a l s  : s t a r c h  g r a n u l e s  s w e l l  and e v e n t u a l l y
b u r s t ,  r e l e a s i n g  t h e i r  p o l y s a c c h a r i d e  co m p o n en t s  i n t o  t h e  
s u r r o u n d i n g  a q u e o u s  e n v i r o n m e n t .  A l s o  t h e  p r o c e s s  o f  c o o k i n g
s o f t e n s  c e l l u l o s i c  a n d  p e c t i c  t i s s u e s  so t h a t  m a s t i c a t i o n  a n d  
d i g e s t i o n  a r e  f a c i l i t a t e d .
One o t h e r  c h a n g e  t h a t  o c c u r s  d u r i n g  c o o k i n g  i s  s t a r c h
g é l a t i n i s a t i o n .  PRIESTLEY ( 1 9 7 9 )  h a s  r e p o r t e d  t h a t  on b o i l i n g
p o t a t o e s  i n  w a t e r ,  t h e  s t a r c h  g e l a t i n i s e s  a n d  c e l l  w a l l s  become 
w e a k e n e d  by t h e  d e g r a d a t i o n  a n d  r e m o v a l  o f  p e c t i c  s u b s t a n c e s .
S t i c k i n e s s  may o c c u r  owing  t o  t h e  r u p t u r e  o f  s t a r c h - g r a n u l e s .
RESULTS AND DISCUSSION
T a b l e  35 shows t h a t  c o o k i n g  h a s  d e c r e a s e d  t h e  t o t a l  a v a i l a b l e  
c a r b o h y d r a t e s ,  s t a r c h e s ,  a n d  e t h a n o l - s o l u b l e  s u g a r s  i n  a l l  f o u r  
v a r i e t i e s .
I n  AMR, t o t a l  a v a i l a b l e  c a r b o h y d r a t e s ,  s t a r c h e s ,  an d  e t h a n o l -  
s o l u b l e  s u g a r s  d e c r e a s e  f r om  5 1 . 1 1  to 4 1 . 9 7  ( R e t n  82%) ,  f rom 
4 8 . 6 2  to  4 0 . 4 5  ( R e t n  8 3% ) ,  and  f r o m  2 . 4 9  t o  1 . 5 0  ( R e t n  60%) 
r e s p e c t i v e l y ,  w h i l e  i n  LAG t h e y  d e c r e a s e  f rom 4 9 . 2 3  t o  4 1 . 5 8  
( R e t n  8 4 % ) ,  f rom 4 6 . 2 6  to  3 9 . 8 8  ( R e t n  8 6 %),  and f r o m  2 . 9 7  t o
1 . 7 1 g / 1 0 0 g  ( R e t n  57 % ) .  I n  JOR, t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  
d e c r e a s e  f rom 4 7 . 1 4  t o  3 8 . 2 0  ( R e t n  80%),  s t a r c h e s  f rom 4 3 . 8 8  t o  
36 .06  ( R e t n  82%) and s o l u b l e  s u g a r s  f rom 3 . 2 6  to  1 . 6 5 g / 1 0 0 g  ( R e t n
65% ) ,  w h i l e  i n  SML t h e  same c o m p o n e n t s  w e r e  fo u n d  t o  b e  3 6 . 5 2 ,
3 5 . 0 9 ,  an d  1 . 4 3 g / 1 0 0 g  c o r r e s p o n d i n g  t o  r e t e n t i o n  v a l u e s  o f  7 8 ,
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7 9 ,  an d  56% r e s p e c t i v e l y .
E f f e c t  o f  home p r o c e s s i n g  on m o n o - , d i - , an d  o l i g o - s a c c h a r i d e s
RESULTS AND DISCUSSION
T a b l e  36 shows t h a t  t h e r e  was  a s i g n i f i c a n t  d e c r e a s e  i n  m o n o - ,  
d i - ,  and o l i g o - s a c c h a r i d e s  a f t e r  c o o k i n g  l e n t i l s  f o r  1 h .  The 
f o l l o w i n g  h a v e  a l r e a d y  b e e n  i d e n t i f i e d  a s  m a j o r  s u g a r s  i n  a l l  
f o u r  v a r i e t i e s  o f  l e n t i l s  : s u c r o s e ,  r a f f i n o s e  and s t a c h y o s e
( t a b l e  8 , p . 6  1 ) •  As a r e s u l t  o f  c o o k i n g ,  s u c r o s e  d e c r e a s e d  f r o m
0 . 6 3  to  0 . 3 3 g / 1 0 0 g  ( R e t n  55%) i n  AMR, f rom 1 . 2 9  t o  0 . 8 1  ( R e t n
63%) i n  LAG, f rom 1 . 1 8  t o  0 . 5 3  ( R e t n  45%) i n  JOR, an d  f r o m  0 . 9 7  
to  0 . 4 8 g / 1 0 0 g  ( R e t n  49%) i n  SML. R a f f i n o s e  a l s o  d e c r e a s e d  i n  a l l  
f o u r  v a r i e t i e s  f rom  0 . 2 6  to  0 . 1 2  ( R e t n  4 6 % ) ,  f rom 0 . 1 9  t o  0 . 0 8
( R e t n  41 % ) ,  f rom 0 . 1 5  to  0 . 0 5  ( R e t n  36%) ,  and f r o m  0 . 2 8  t o
O . l l g / l O O g  ( R e t n  40%) i n  AMR, LAG, JOR, and SML r e s p e c t i v e l y .  
S t a c h y o s e  a l s o  d e c r e a s e d  f r o m  1 , 4 5  to  1 . 0 5 g / 1 0 0 g  ( R e t n  72%),  f rom 
1 . 3 8  t o  0 . 9 2  ( R e t n  67%),  f r o m  1 . 8 3  to  1 . 0 7  ( R e t n  59%) ,  an d  f ro m  
1 . 1 4  t o  0 . 8 4 g / 1 0 0 g  ( R e t n  74%) r e s p e c t i v e l y  i n  AMR, LAG, JOR, and 
SML.
T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t » w i t h  t h o s e  o f  SILVA an d  BRAGA 
( 1 9 8 2 )  who h a v e  r e p o r t e d  t h a t  i n  w h o l e  b e a n s  ( P h a s e o l u s  v u l g a r i s ) 
co o k e d  a t  14 p . s . i . ,  a t  120 C f o r  1 h i n  1 : 1 0  b e a n  t o  w a t e r
r a t i o ,  s u c r o s e  d e c r e a s e d  a s  d i d  r a f f i n o s e  and s t a c h y o s e .  On t h e  
o t h e r  h a n d ,  RAO and BELAVADY ( 1 9 7 8 )  do n o t  a g r e e  w i t h  t h e s e  
r e s u l t s  a s  t h e y  h a v e  shown a n  i n c r e a s e  o f  a p p r o x i m a t e l y  1 0 0 % i n  
s u c r o s e ,  r a f f i n o s e  an d  s t a c h y o s e  o f  r e d  g r a m ,  c h i c k  p e a ,  b l a c k  
g r a m ,  and r e d  gram s u b j e c t e d  t o  c o o k i n g  f o r  15 m in  a t  15 p . s . i . ,  
when t h e  le g u m e  w a t e r  r a t i o  was  1 : 2 .
The r e a s o n  f o r  t h e s e  d i f f e r e n c e s  i s  p r o b a b l y  v a r i e t a l ,  an d  a l s o  
p o s s i b l y  d u e  t o  t h e  l e n g t h  o f  t i m e  u s e d  i n  c o o k i n g .
GREENWOOD an d  MUNRO ( 1 9 7 9 )  h a v e  r e p o r t e d  t h a t  t h e  p o l y h y d r o x y l  
c h a r a c t e r  o f  m o n o -  an d  o l i g o - s a c c h a r i d e s  l e a d s  t o  e x t e n s i v e
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i n t e r -  and i n t r a - h y d r o g e n  b o n d i n g .
E f f e c t  o f  home p r o c e s s i n g  on l i p i d s  an d  c r u d e  f i b r e s
When l i p i d s  a r e  t h e r m a l l y  h e a t e d ,  two t y p e s  o f  r e a c t i o n  o c c u r  :
( i )  h y d r o l y s i s  w h i c h  r e s u l t s  i n  t h e  f o r m a t i o n  o f  f r e e  f a t t y  
a c i d s ,  a n d ,
( i i )  o x i d a t i o n  w h i c h  l e a d s  t o  t h e  f o r m a t i o n  o f  h y d r o p e r o x i d e s  an d  
h y d r o x i d e s .
The n a t u r e  and r e l a t i v e  p r o p o r t i o n s  o f  v a r i o u s  p r o d u c t s  f o rm e d  
d u r i n g  o x i d a t i o n  w i l l  d e p e n d  on t h e  t e m p e r a t u r e  u s e d ,  an d  t h e  
d e g r e e  o f  a e r a t i o n .  Au to  o x i d a t i o n  ( r e a c t i o n  w i t h  o x y g e n )  
p r o c e e d s  m o r e  r a p i d l y  i n  t h e  p r e s e n c e  o f  a c r i t i c a l  r e s i d u a l  
am oun t  o f  w a t e r ,  and  s t o r a g e  t i m e  an d  t e m p e r a t u r e  a r e  i m p o r t a n t  
a s  to  t h e  e x t e n t  o f  o x i d a t i v e  damage (WITTING e t  a l . ,  1 9 7 9 ) .
L i p i d s  a n d  t h e i r  o x i d a t i o n  p r o d u c t s  ( e s p e c i a l l y  o x i d i z i n g  l i p i d s  
an d  f r e e  r a d i c a l s ,  f i g .  1 7 )  c a n  r e a c t  w i t h  o t h e r  fo o d  c o m p o n e n t s  
s u c h  as  p r o t e i n s  (CHEFTEL, 1 9 7 9 ) .  F r e e  r a d i c a l s  f o r m e d  i n  
u n s a t u r a t e d  f a t  u n d e r  h e a t  t r e a t m e n t  ca n  r e a c t  d i r e c t l y  w i t h  
p r o t e i n ,  c a u s i n g  e x t e n s i v e  c r o s s - l i n k i n g  o f  t h e  p r o t e i n  c h a i n  v i a  
e i t h e r  p r o t e i n - l i p i d  c r o s s - l i n k s  o r  p r o t e i n - p r o t e i n  c r o s s - l i n k s  
(HURRELL, 1 9 8 0 ) .
The c h a n g e  t h a t  o c c u r s  i n  p e c t i c  s u b s t a n c e s  d u r i n g  t h e  c o o k i n g  o f  
v e g e t a b l e s  i s  t h e  h y d r o l y s i s  o f  l a r g e  m o l c u l e s ,  o f  i n s o l u b l e  
p r o t o p e c t i n s  t o  s m a l l e r  s u b s t a n c e s  ( p e c t i n )  (MEYER, 1 9 7 8 ) .
RESULTS AND DISCUSSION
E f f e c t  o f  home p r o c e s s i n g  on t o t a l  l i p i d s
T h e r e  i s  a  d e c r e a s e  i n  t h e  l i p i d  c o n t e n t  o f  a l l  f o u r  v a r i e t i e s
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Unsaturated fatty acid
(LH) light, other radiations, 
heat, metal catalysts
Lipid free radical
( L . )  ^ 2  ( L O O -
LOO. A
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L'. ^
Lipid peroxide 
(LOOK)
various breakdown products 
(nonradical) 
such as carbonyls 
epoxides 
polymers, etc.
Reactions with 
proteins
^  volatile aldehydes 
and ketones 
(off flavors)
Schematic representation of reactions linked to lipid oxidation,
Fig. 17: (CHEFTEL, 1979)
172
t e s t e d .  T a b l e  37 ( p . 1 7 3  ) shows t h a t  i n  AMR t h e  l i p i d  c o n t e n t
d e c r e a s e d  f r o m  1 . 1 7  t o  0 . 8 8  ( R e t n  75%),  i n  LAG from 0 . 9 6  t o  0 . 7 9
( R e t n  8 2% ) ,  i n  JOR from 1 . 3 2  t o  1 , 1 9  ( R e t n  90% ),  and i n  SML from
1 .2 1  to  1 . 0 7 g / 1 0 0 g  ( R e t n  87 % ) .
T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  NOOR £ t  al^. ( 1 9 8 0 )  
who r e p o r t e d  a d e c r e a s e  i n  t h e  f a t  c o n t e n t  o f  c o o k e d  b e a n s ,  an d  
w i t h  t h o s e  o f  OSBORNE and  VOOGT ( 1 9 7 8 )  o f  c o o k e d  l e n t i l s .  T h e s e  
d e c r e a s e s  may be  c o r r e l a t e d  w i t h  t h e  f a c t  t h a t  i n  h e a t e d  f a t s  
h y d r o l y s i s  r e s u l t s  i n  t h e  f o r m a t i o n  o f  f r e e  f a t t y  a c i d s  (MORTON,
1 9 7 7 ) ( b u t  t h i s  was  n o t  i n v e s t i g a t e d  i n  t h e  p r e s e n t  s t u d y ) ,  and
a l s o  t h a t  l i p i d  o x i d a t i o n  a n d  p r o t e i n - l i p i d  i n t e r a c t i o n s  may be  
t a k i n g  p l a c e  i n  h e a t e d  l i p i d s  (BENDER, 1978;  CHEFTEL, 1 9 7 9 ) .
E f f e c t  o f  home p r o c e s s i n g  on c r u d e  f i b r e
I n  a l l  f o u r  v a r i e t i e s  t e s t e d ,  t h e  c r u d e  f i b r e  i n c r e a s e d  a f t e r  
c o o k i n g .
I n  AMR, LAG, JOR, an d  SML, i t  i n c r e a s e d  f r o m  4 . 1 0  t o  5 . 2 9  ( R e t n  
129 %),  f rom 3 . 7 0  to  4 . 2 5  ( R e t n  115%) ,  f rom 4 . 5 4  t o  5 . 3 1  ( R e t n  
1 18% ) ,  and f r o m  4 . 8 6  t o  5 . 5 2 g / 1 0 0 g  ( R e t n  113%) r e s p e c t i v e l y  
( t a b l e  3 7 ) .
T h e s e  r e s u l t s  a g r e e  w i t h  t h o s e  r e p o r t e d  by MURPHY ^  a l .  ( 1 9 7 5 )  
f o r  c o o k e d  l e g u m e s  ( b e a n s ,  c h i c k  p e a s ,  and l e n t i l s ) .  JOHNSTON an d  
OLIVER ( 1 9 8 2 )  h a v e  r e p o r t e d  t h a t  c o o k i n g  ( b o i l i n g )  i n c r e a s e d  t h e  
f i b r e  c o n t e n t  o f  p o t a t o e s .  A l s o  t h e  c r u d e  f i b r e  o f  c a r r o t s ,  
c a b b a g e s ,  an d  o k r a s  i n c r e a s e d  a f t e r  c o o k i n g  ( b o i l i n g )  (MATTHEE 
and APPLEDORF, 1 9 7 8 ) .  On t h e  o t h e r  h a n d ,  j u s t  t h e  o p p o s i t e  was  
o b s e r v e d  by NOOR e ^  a ^ .  ( 1 9 8 0 )  who showed t h a t  t h e  c r u d e  f i b r e  of  
c o o k e d  b e a n s  d e c r e a s e d ,  a s  d i d  t h a t  o f  b o i l e d  l e n t i l s  (OSBORNE 
an d  VOOGT, 1 9 7 8 ) .  T h e s e  d i f f e r e n c e s  may h a v e  b e e n  due t o  t h e  
d i f f e r e n t  l egum e  g r a i n s  u s e d ,  and a l s o  p o s s i b l y  d u e  t o  t h e  t im e  
o f  b o i l i n g .
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E f f e c t  o f  home p r o c e s s i n g  on p r o t e i n  c o n t e n t
The c h a n g e s  t h a t  t a k e  p l a c e  on h e a t i n g  h a v e  b e e n  i n v e s t i g a t e d  
b o t h  i n  i s o l a t e d  p r o t e i n  s y s t e m s  a n d  i n  f o o d .  I t  h a s  b e e n  f o u n d  
t o  c o n s i s t  o f  two t y p e s  o f  r e a c t i o n s :
1 ) t h e  r e a c t i o n  o f  p r o t e i n  w i t h  c a r b o h y d r a t e s ,  r e s u l t i n g  i n  t h e  
d e s t r u c t i o n  o f  some am ino a c i d s  a n d  a c h a n g e  i n  t h e  d i g e s t i b i l i t y  
o f  t h e  p r o t e i n  by p r o t e o l y t i c  enzymes ( p 2 21 L
2 ) r e a c t i o n  o f  p r o t e i n  i n  t h e  a b s e n c e  o f  c a r b o h y d r a t e s  w h i c h  
r e s u l t s  i n  a d e c r e a s e  i n  t h e  a v a i l a b i l i t y  o f  amino a c i d s .
A l s o  h e a t  i n a c t i v a t i o n  o f  enzyme i n h i b i t o r s .
I t  i s  w e l l  e s t a b l i s h e d  t h a t  h e a t  ( u n d e r  c o n s t a n t  c o n d i t i o n s )  can 
a l t e r  t h e  n u t r i t i v e  v a l u e  o f  a p r o t e i n  i n  a num ber  o f  s p e c i e s .  
Many p r o t e i n s  show a  d e c r e a s e ,  b u t  i n  a few t h e r e  i s  a n  i n c r e a s e  
(MEYER, 1 9 7 8 ) .
V a r i o u s  p r o t e i n s  r e s p o n d  d i f f e r e n t l y  t o  p r o c e s s i n g  d e p e n d i n g  on 
t h e  c o m p o s i t i o n  a n d  p r o p e r t i e s  o f  t h e  p r o t e i n  a n d  t h e  s t a t e  o f  
t h e  f o o d .  A l s o  l i p i d  o x i d a t i o n  ( p ( 7 1  ) and p r o t e i n - l i p i d  i n t e r a c ­
t i o n s  t a k e  p l a c e  a n d  damage t h e  p r o t e i n s .
DESBOROÜGH an d  WEISER ( 1 9 7 4 )  h a v e  r e p o r t e d  a 54% r e d u c t i o n  i n  
p o t a t o  p r o t e i n  d u r i n g  c o o k i n g  ( b o i l i n g )  f o r  30 m i n ,  w h i l e  
LACHANCE ( 1 9 7 5 )  ^ / t h a t  b o i l i n g  b e a n s  ( f o r  2 h )  l o s t  a b o u t  29% 
p r o t e i n .  KAKADE an d  EVANS ( 1 9 6 5 )  h a v e  r e p o r t e d  t h a t  c o o k i n g  navy  
b e a n s  a t  121 C f o r  30 m in  d e c r e a s e d  some e s s e n t i a l  amino a c i d s  
e . g .  p h e n y l a l a n i n e  an d  a r g i n i n e .
The e f f e c t  o f  home p r o c e s s i n g  ( s o a k i n g  + c o o k i n g  ) on p r o t e i n s  o f  
l e n t i l s  w i l l  b e  i n v e s t i g a t e d  i n  t h i s  p a r t  o f  t h e  p r e s e n t  s t u d y .
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RESULTS AND DISCUSSION
T a b l e  38 shows t h a t  c o o k i n g  d e c r e a s e s  t h e  p r o t e i n  c o n t e n t  o f  a l l  
v a r i e t i e s  t e s t e d  b u t  such  d e c r e a s e s  w e r e  n o t  s u b s t a n t i a l .
I n  AMR, p r o t e i n  d e c r e a s e d  f r o m  2 4 . 1  to  2 1 . 9  ( R e t n  91% ) ,  i n  LAG
from 2 6 . 4  t o  2 4 . 5  ( R e t n  93% ),  i n  JOR from 2 5 . 3  to  2 4 . 5  ( R e t n
97%),  and i n  SML from 2 7 . 5  to  2 6 . 2 g / 1 0 0 g  ( R e t n  95 %).  S o ,  on t h e  
w h o l e ,  p r o t e i n  l o s s  i s  s l i g h t l y  l e s s  t h a n  i n  u n c o o k e d  s e e d s ,
e x c e p t  f o r  JOR w h i c h  shows no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n
co o k e d  a n d  un co o k ed  s e e d s .
AHMAD an d  SHAH ( 1 9 7 5 )  h a v e  r e p o r t e d  a s m a l l  d e c r e a s e  (3%) i n  
p r o t e i n  a f t e r  l e n t i l s  h a v e  b e e n  b o i l e d  f o r  30 m in  (1 00  C ) ,  w h i l e  
OSBORNE an d  VOOGT ( 1 9 7 8 )  showed a much g r e a t e r  d e c r e a s e  (70%) 
when l e n t i l s  w e r e  c o o k e d  ( c o n d i t i o n s  n o t  s p e c i f i e d ) .
On t h e  o t h e r  h a n d ,  ADRIAN ( 1 9 8 1 )  h a s  r e p o r t e d  t h a t  a t  m o d e r a t e
h e a t  t r e a t m e n t  i n  a w e t  m ed iu m ,  t o t a l  p r o t e i n s  s e l d o m  d e c r e a s e
ev e n  a f t e r  l e n g t h y  t r e a t m e n t s .  NOOR je£ ( 1 9 8 0 )  h a v e  r e p o r t e d  a
low d e c r e a s e  i n  p r o t e i n  c o n t e n t  o f  mung b e a n s ,  w h i l e  MURPHY e t  
raJoc r
a l . ( 1 9 7 5 ) ^ / t h a t  p r o t e i n  r e t e n t i o n  o f  co o k e d  l e n t i l s  i s  n o t
s i g n i f i c a n t l y  d i f f e r e n t  f rom  c o n t r o l s .  A l l  t h e s e  r e s u l t s  show 
q u i t e  c l e a r l y  t h a t  c o o k i n g  s e e d s  may c a u s e  them t o  l o s e  some 
p r o t e i n ,  a l t h o u g h  t h i s  d e c r e a s e  i s  n o t  a l w a y s  s i g n i f i c a n t  when 
co m p a r e d  t o  u n c o o k e d  s e e d s .
E f f e c t  o f  home p r o c e s s i n g  on p r o t e i n  a m in o  a c i d s
P r o t e i n s  a n d  p r o t e i n  a m in o  a c i d s  a r e  t h e  m o s t  r e a c t i v e  o f  t h e
m a j o r  fo o d  c o m p o n e n t s  a n d  r e a c t i o n s  b e t w e e n  f o o d  p r o t e i n s  an d
am ino  a c i d s  on t h e  one h an d  a n d  o t h e r  fo o d  c o m p o n e n t s  on t h e
o t h e r  h an d  a r e  t h e  m a j o r  c h e m i c a l  r e a c t i o n s  t h a t  o c c u r  d u r i n g  
p r o c e s s i n g .  C e r t a i n  a m i n o  a c i d s  s u c h  a s  l y s i n e ,  c y s t e i n e ,  an d  
t r y p t o p h a n  can  r e a c t  w i t h  r e d u c i n g  s u g a r s  a n d  a r e  t h e r e f o r e  
d e s t r o y e d  d u r i n g  w h a t  i s  known a s  M a i l l a r d  r e a c t i o n s  ( f i g .  2 4 ;  p .
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2 2 1 ) .  They c a n  a l s o  r e a c t  w i t h  f a t s  an d  t h e i r  o x i d a t i o n  p r o d u c t s ,  
a l s o  w i t h  v i t a m i n s  e . g .  v i t a m i n  B (HURRELL, 1 9 8 0 ) .  A l l  t h e s e  
r e a c t i o n s  l e a d  t o  a r e d u c t i o n  i n  t h e  n u t r i t i v e  v a l u e  o f  s u c h  
f o o d s  .
BENDER ( 1 9 7 8 )  h a s  r e p o r t e d  t h a t  a h e a t e d  c a s e i n - g l u c o s e  m i x t u r e  
l o s t  a r g i n i n e ,  t h r e o n i n e ,  m e t h i o n i n e ,  h i s t i d i n e ,  and i s o l e u c i n e  
i n  t h a t  o r d e r ,  as  w e l l  a s  l y s i n e ,  b u t  when m i l k  was  h e a t e d  u n d e r  
t h e  same c o n d i t i o n s ,  o n l y  l y s i n e  was  l o s t .  T h i s  shows d i f f e r e n c e s  
b e t w e e n  m ode l  s y s t e m s  a n d  t h e  fo od  i t s e l f .  As a r e s u l t  o f  t h i s ,
BENDER ( 1 9 7 8 )  h a s  p r o p o s e d  t h a t  i n v e s t i g a t i o n  o f  e a c h  fo o d  i s  
n e c e s s a r y  i n  o r d e r  to  f i n d  t h e  e x a c t  e f f e c t  o f  c o o k i n g .  The 
e f f e c t  o f  c o o k i n g  on p r o t e i n  a m i n o  a c i d s  i s  t h e r e f o r e  t o  b e  
i n v e s t i g a t e d  h e r e .
RESULTS AND DISCUSSION
T a b l e  39 shows t h a t  amino a c i d s  d e c r e a s e d  a f t e r  c o o k i n g .  I n  AMR, 
p r o t e i n  a m in o  a c i d s  d e c r e a s e d  f r o m  8 0 . 9  t o  7 4 . 1  ( R e t n  92% ) ,  i n  
LAG from 8 3 . 6  to  7 5 . 7  ( R e t n  90%),  i n  JOR fr om  8 1 . 9  t o  7 2 . 8  ( R e t n  
8 8 %),  and  i n  SML from 8 2 . 7  t o  7 3 . 8  g / lO O g  p r o t e i n  ( R e t n  8 9 % ) .  
A l s o  t h e  n i n e t e e n  p r o t e i n  am in o  a c i d s  a l l  d e c r e a s e d  t o  a
g r e a t e r  o r  l e s s e r  e x t e n t  : t h e  o n es  w i t h  m o s t  l o s s e s  b e i n g
l y s i n e ,  c y s t e i n e ,  h i s t i d i n e ,  t r y p t o p h a n ,  and i s o l e u c i n e .
MORCOS e ^  a l . ( 1 9 7 6 )  h a v e  r e p o r t e d  t h a t  w h o l e  l e n t i l  s e e d s  co o k e d  
i n  b o i l i n g  w a t e r  f o r  one  h o u r  r e s u l t e d  i n  l o s s e s  o f  m o s t  amino  
a c i d s  e x c e p t  f o r  l y s i n e  an d  t r y p t o p h a n  w h i c h  i n c r e a s e d ,  and 
f u r t h e r ,  t h a t  a s  t h e  c o o k i n g  t e m p e r a t u r e  i n c r e a s e d ,  am ino  a c i d s  
d e c r e a s e d .
S i m i l a r l y  AHMAD an d  SHAH ( 1 9 7 5 )  h a v e  r e p o r t e d  t h a t  B e n g a l  g ra m  
c o o k e d  a t  100 C f o r  30 m in  showed l o s s e s  i n  l e u c i n e ,  i s o l e u c i n e ,  
v a l i n e ,  m e t h i o n i n e ,  and l y s i n e .  F u r t h e r ,  t h e y  showed t h a t  when 
l e n t i l s  w e r e  co o k e d  u n d e r  t h e  same c o n d i t i o n s ,  l o s s e s  i n
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h i s t i d i n e ,  t r y p t o p h a n ,  and m e t h i o n i n e  w e r e  o b s e r v e d  a s  w e r e  
i n c r e a s e s  i n  a r g i n i n e .  On t h e  o t h e r  h a n d ,  GEERVANI
and THEOPHILUS ( 1 9 8 0 )  h a v e  r e p o r t e d  t h a t  m e t h i o n i n e ,  c y s t e i n e ,  
t h r e o n i n e ,  t r y p t o p h a n ,  and l y s i n e  a l l  d e c r e a s e d  when g r e e n  gram 
was b o i l e d  f o r  30 min  a t  100 C. T h e s e  l a t t e r  r e s u l t s  a r e  n o t  
u n l i k e  t h e  o n es  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y ,  and t a k i n g  a l l  
t h e s e  r e s u l t s  i n t o  c o n s i d e r a t i o n ,  i t  can  be s e e n  t h a t  am ino  a c i d s  
a r e  a f f e c t e d  d i f f e r e n t l y  i n  d i f f e r e n t  f o o d s  s u b j e c t e d  t o  c o o k i n g  
t h e  same p r o t e i n  a m in o  a c i d  e i t h e r  i n c r e a s i n g  o r  d e c r e a s i n g  
d e p e n d i n g  on t h e  fo od  u s e d  a n d  t h e  c o n d i t i o n s  o f  c o o k i n g .
E f f e c t  o f  home p r o c e s s i n g  on p r o t e i n  q u a l i t y
Mos t  o f  t h e  s t u d i e s  d e a l i n g  w i t h  t h e  e f f e c t  o f  p r o c e s s i n g  on  
p r o t e i n  q u a l i t y  h a v e  u s e d  b i o l o g i c a l  m e t h o d s  i n  o r d e r  t o  o b s e r v e  
t h e i r  e f f e c t s  i f  a n y .  ROCKLAND and RADE ( 1 9 8 1 )  h av e  r e p o r t e d  a 
d e c r e a s e  i n  p r o t e i n  q u a l i t y  a s  m e a s u r e d  by p r o t e i n  e f f i c i e n c y  
r a t i o  (PER) o f  co o k e d  b e a n s ,  w h i l e  a d e c r e a s e  i n  p r o t e i n  q u a l i t y  
h a s  b e e n  r e p o r t e d  by KAKADE an d  EVANS ( 1 9 6 5 ) .
I n  t h e  p r e s e n t  a t u d y ,  p r o t e i n  q u a l i t y  ( i n  t e r m s  o f  t h e  c h e m i c a l  
s c o r e )  a s  d e f i n e d  o n  p. g h a s  b e e n  i n v e s t i g a t e d  a f t e r  t h e  f o u r  
l e n t i l  v a r i e t i e s  w e r e  home p r o c e s s e d .
RESULTS AND DISCUSSION
From t a b l e  4 0 ,  i t  can  be s e e n  t h a t  c o o k i n g  h a s  d e c r e a s e d  t h e  
n u t r i t i v e  v a l u e  ( c h e m i c a l  s c o r e )  o f  p r o t e i n  o f  t h e  f o u r  l e n t i l  
v a r i e t i e s  u n d e r  s t u d y .
The c h e m i c a l  s c o r e  o f  a l l  i n d i v i d u a l  amino  a c i d s  f o r  a l l  f o u r  
co o k e d  v a r i e t i e s  a r e  l o w e r  t h a n  t h o s e  f o r  u n c o o k e d  o n e s .  The 
c h e m i c a l  s c o r e  o f  t h e  p r o t e i n s  ( i . e .  t h e  am in o  a c i d  w i t h  t h e  
l o w e s t  c h e m i c a l  s c o r e )  o f  AMR, LAG, JOR, an d  SML h a v e  d e c r e a s e d  
s i g n i f i c a n t l y  f r om  28 t o  2 3 ,  f rom 25 to  1 9 ,  f r o m  22 t o  16 ,  an d
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1 8 ,
from 28 to 22 .
The r e s u l t s  o f  t h i s  s t u d y  a r e  i n  c l o s e  a g r e e m e n t  w i t h  t h o s e  o f  
NOOR ^ t  a T .  ( 1 9 8 0 )  who h a v e  r e p o r t e d  l o s s  i n  p r o t e i n  q u a l i t y  d u e  
t o  c o o k i n g  b e a n s .  ABtZ-SHAKRA and TAN NOUS ( 1 9 8 1 )  h a v e  r e p o r t e d  t h a t  
a u t o c l a v i n g  l e n t i l s  a t  121 C d e c r e a s e d  t h e  am ino  a c i d
c o n t e n t ,  and so  a l s o  t h e  c h e m i c a l  s c o r e ,  and a s  a u t o c l a v i n g  t i m e  
i n c r e a s e d  t h e r e  was  a g r e a t e r  d e c r e a s e  i n  t h e  c h e m i c a l  s c o r e .
E f f e c t  o f  home p r o c e s s i n g  on f r e e  am ino a c i d s
C o o k i n g  h a s  c a u s e d  a c o n s i d e r a b l e  d e c r e a s e  i n  a l l  f r e e  amino 
a c i d s  so  t h a t  o n l y  t r a c e  a m o u n t s  w e r e  s t i l l  p r e s e n t  i n  t h e  s e e d s  
o f  a l l  f o u r  v a r i e t i e s .  T h e r e  was  t h e r e f o r e  no n ee d  t o  e x p r e s s  
t h e s e  r e s u l t s  i n  a t a b l e .
T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  LUH an d  WOODROOF 
( 1 9 7 5 )  who h a v e  r e p o r t e d  t h a t  t h e  f r e e  amino a c i d  c o n t e n t  of  
mushroom d e c r e a s e d  s u b s t a n t i a l l y  a f t e r  b o i l i n g .
E f f e c t  o f  home p r o c e s s i n g  on v i t a m i n s
I t  h a s  o f t e n  b e e n  s u g g e s t e d  t h a t  home p r o c e s s i n g  g e n e r a l l y  l e a d s  
t o  much g r e a t e r  l o s s e s  t h a n  t h o s e  e n c o u n t e r e d  i n  i n d u s t r i a l  
p r o c e s s i n g .  A l s o ,  t h e  g e n e r a l  r u l e  i s  t h a t  m o s t  v i t a m i n s  b r e a k  
down t o  a g r e a t e r  o r  l e s s e r  e x t e n t  on h e a t i n g  (PRIESTLEY, 1979 ;  
BENTERUD, 1 9 7 7 ) .
S t u d i e s  o f  t h e  e f f e c t s  o f  home p r o c e s s i n g  on t h e  f o l l o w i n g  
v i t a m i n s  ( v i t a m i n  C, t h i a m i n e ,  an d  r i b o f l a v i n )  h a v e  b e e n  c a r r i e d  
o u t  and a r e  d i s c u s s e d  b e l o w .
1 .  E f f e c t  o f  home p r o c e s s i n g  on v i t a m i n  C
V i t a m i n  C i s  one  o f  t h e  m o s t  r e a d i l y  d e s t r o y e d  o f  t h e  v i t a m i n s ,  
an d  i t s  r e t e n t i o n  i s  o f t e n  u s e d  a s  a n  i n d e x  o f  t h e  s e v e r i t y  o f
1 8 2
p r o c e s s i n g .  LACHANCE ( 1 9 7 5 )  h a s  r e p o r t e d  t h a t  t h e  r e t e n t i o n  o f  
v i t a m i n  C i s  u s e d  a s  a m e a s u r e  o f  t h e  r e l a t i v e  d e s i r a b i l i t y  o f  a 
c o o k i n g  p r o c e d u r e  f o r  f o o d s .  BENDER ( 1 9 6 6 )  h a s  r e p o r t e d  t h a t  p e a s  
c o o k e d  b e f o r e  d r y i n g ,  r e t a i n e d  o n l y  h a l f  t h e  v i t a m i n  C c o n t e n t  o f  
u n c o o k e d  p e a s .  L o s s e s  h e r e  may be  due t o  l e a c h i n g .  BENTERUD 
( 1 9 7 7 )  h a s  r e p o r t e d  t h a t  t h e  r e t e n t i o n  o f  v i t a m i n  C d u r i n g  
h o u s e h o l d  c o o k i n g  r a n g e d  f r o m  25 to  4 5 ,  and f r o m  55 to  75%
d e p e n d i n g  upon t h e  c o n d i t i o n s  o f  b o i l i n g .
RESULTS AND DISCUSSION
T a b l e  41 shows t h a t  c o o k i n g  c a u s e d  a d e c r e a s e  i n  t h e  v i t a m i n  C 
c o n t e n t  o f  a l l  f o u r  v a r i e t i e s .
V i t a m i n  C d e c r e a s e d  f r o m  4 . 3 5  to  1 . 9 6  ( R e t n  45%) i n  AMR, from 
2 . 1 7  t o  0 . 7 8  ( R e t n  36%) i n  LAG, f rom 5 . 6 0  t o  2 . 2 4  ( R e t n  40%) i n  
JOR, an d  f r o m  5 . 4 2  t o  1 . 7 9  m g/ lO Og ( R e t n  33%) i n  SML.
LACHANCE an d  ERDMAN ( 1 9 7 5 )  h a v e  r e p o r t e d  t h a t  v i t a m i n  C r e t e n t i o n  
i n  some b o i l e d  v e g e t a b l e s  i s  a b o u t  50% w h i c h  i s  s l i g h t l y  h i g h e r  
t h a n  t h e  v a l u e s  o b t a i n e d  w i t h  l e n t i l s  i n  t h i s  s t u d y .  # o , more
v i t a m i n  C i s  l o s t  i n  l e n t i l s  a f t e r  b o i l i n g  t h a n  i n  c e r t a i n  o t h e r
v e g e t a b l e s  .
BIRCH ^  a l . ( 1 9 7 4 )  h a v e  r e p o r t e d  t h a t  l o s s  o f  v i t a m i n  C i n
p r o c e s s e d  f r u i t  and  v e g e t a b l e  i s  due  to  l e a c h i n g ,  o x i d a t i o n  
( c h e m i c a l  and e n z y m i c )  and t h e r m a l  d e g r a d a t i o n .  H i g h e r  o x i d a t i o n  
s h o u l d  o c c u r  a t  t h e  maximum c e l l  d i s r u p t i o n  w i t h  minimum enzyme 
i n a c t i v a t i o n .
2 .  E f f e c t  o f  home p r o c e s s i n g  on t h i a m i n e
T h i a m i n e  i s  n e x t  t o  v i t a m i n  C a s  a n  i n d e x  o f  t h e  s e v e r i t y  o f  h e a t  
t r e a t m e n t s .  The g r e a t e s t  s o u r c e  o f  i t s  l o s s  f rom  m o s t  p r o c e s s e d  
fo o d  t o o  i s  l e a c h i n g  (BENDER, 1 9 7 8 ) .  I t  i s  s t a b l e  a t  h i g h  
t e m p e r a t u r e s  b u t  c e r t a i n  enzymes e . g .  t h i a m i n a s e  can  d e s t r o y  t h i s
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v i t a m i n .  The t h i a m i n e  (B-j ) r e t e n t i o n  i n  b o i l e d  c h i c k e n  i s  a b o u t  
58% (BENTERUD, 1 9 7 7 ) ,  w h i l e  t h e  b o i l i n g  o f  v e g e t a b l e s  g e n e r a l l y  
r e s u l t s  i n  a r e t e n t i o n  o f  o v e r  75%; t h i a m i n e  b e i n g  t h e  m o s t  h e a t  
l a b i l e  of  t h e  B v i t a m i n s  (PRIESTLEY, 1 9 7 9 ) .
RESULTS AND DISCUSSION
I n  t h e  p r e s e n t  s t u d y ,  t h e r e  was a d e c r e a s e  i n  t h e  t h i a m i n e
c o n t e n t  o f  a l l  f o u r  v a r i e t i e s  u s e d  ( t a b l e  4 1 ) .
T h i a m i n e  c o n t e n t  d e c r e a s e d  i n  AMR from 0 . 5 7  t o  0 . 3 1  ( R e t n  54%),  
i n  LAG from 0 . 4 5  to  0 . 2 3  ( R e t n  50%),  i n  JOR from 0 . 5 0  t o  0 . 2 2  
( R e t n  4 4 % ) ,  and i n  SML from 0 . 3 9  t o  0 . 1 9  mg/ lOOg ( R e t n  4 9% ) .
AUGUSTIN ^  a l .  ( 1 9 8 1 )  h a v e  r e p o r t e d  t h a t  t h e r e  was a 27%
d e c r e a s e  i n  t h e  t h i a m i n e  c o n t e n t  o f  co o k e d  b e a n s  ( P h a s e o l u s
v u l g a r i s ) a s  d i d  FARRER ( 1 9 5 5 )  who fo u n d  b o i l i n g ,  o r  any
t r e a t m e n t  a t  o r  n e a r  100 C a l s o  c a u s e d  a low d e c r e a s e  i n
t h i a m i n e .  H o w e v e r ,  GEERVANI and THEOPHILUS ( 1 9 8 0 )  h a v e  r e p o r t e d  a 
l a r g e  d e c r e a s e  o f  t h i s  v i t a m i n  i n  b o i l e d  r e d  gram a s  w as  f o u n d  i n  
t h e  p r e s e n t  s t u d y .  T h i s  s u g g e s t s  o n c e  m o r e  t h a t  t h e  v i t a m i n s  o f  
d i f f e r e n t  l e g u m e s  r e s p o n d  d i f f e r e n t l y  t o  t h e  same o r  t o  s i m i l a r  
t r e a t m e n t s  .
So ,  on t h e  w h o l e  i n  t h e  p r e s e n t  s t u d y  t h e r e  i s  a  d e c r e a s e  o f
a b o u t  50% i n  t h i a m i n e  of  l e n t i l s  s u b j e c t e d  t o  home p r o c e s s i n g .
3 .  E f f e c t  o f  home p r o c e s s i n g  on r i b o f l a v i n
L i k e  o t h e r  v i t a m i n s ,  a  num ber  o f  s t u d i e s  h a v e  s u g g e s t e d  t h a t  
r i b o f l a v i n  i s  a f f e c t e d  by h e a t  i n  d i f f e r e n t  f o o d .  H e a t  a l o n e  
( e v e n  a t  130 C) d o e s  n o t  damage r i b o f l a v i n ,  w h ich  i s  r e l a t i v e l y  
s t a b l e  a t  n e u t r a l  pHs (BENDER, 1 9 7 8 ) .  ARCHER and TANNENBAUM 
( 1 9 7 9 )  h a v e  r e p o r t e d  t h a t  r i b o f l a v i n  i s  s t a b l e  i n  f o o d  u n d e r  m o s t  
p r o c e s s i n g  a n d  c o o k i n g  c o n d i t i o n s .  The b o i l i n g  o f  v e g e t a b l e s  
g e n e r a l l y  r e s u l t s  i n  a  r e t e n t i o n  o f  o v e r  60% r i b o f l a v i n  c o m p ar ed
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t o  u n c o o k e d  o n e s .  HARRIS ( 1 9 7 5 )  h a s  r e p o r t e d  t h a t  r i b o f l a v i n  i s  
s t a b l e  t o  h e a t  i f  i n  t h e  d r y  f o r m .
RESULTS AND DISCUSSION
R i b o f l a v i n  was shown t o  d e c r e a s e  i n  a l l  f o u r  v a r i e t i e s  o f  l e n t i l s  
t e s t e d  ( t a b l e  41 ) .
R i b o f l a v i n  i n  AMR d e c r e a s e d  f r o m  0 . 2 7  t o  0 . 1 7  ( R e t n  63%),  i n  LAG 
from 0 . 3 8  t o  0 . 2 3  ( R e t n  61%) ,  i n  JOR from  0 . 3 4  t o  0 . 2 0  ( R e t n  
59%),  and i n  SML from 0 . 2 1  t o  0 . 1 4  mg/ lO Og ( R e t n  65%).
The r e s u l t s  f rom t h e  p r e s e n t  s t u d y  a r e  s l i g h t l y  l o w e r  t h a n  t h o s e  
o f  AUGUSTIN e_t ( 1 9 8 1 )  who h a v e  r e p o r t e d  a r e t e n t i o n  o f  76%
r i b o f l a v i n  i n  co o k e d  b e a n s  co m p a r e d  t o  u n c o o k e d  o n e s .  LACHANCE
( 1 9 7 5 )  h a s  r e p o r t e d  t h a t  b e a n s  c o o k e d  ( b o i l i n g  f o r  30 m i n )
r e t a i n e d  64-96% o f  t h e  o r i g i n a l  r i b o f l a v i n  c o n t e n t .  H o w e v e r ,  t h e  
d e c r e a s e  i n  t h e  p r e s e n t  s t u d y  ( a p p .  40%) i s  n o t  as  h i g h  a s  t h a t  
r e p o r t e d  f o r  b o i l e d  r e d  gram by GEERVANI and THEOPHILUS ( 1 9 8 0 )  
who showed a n  a p p r o x i m a t e  80% l o s s .
So t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  (100 C a t  pH 7 )  an d  t h o s e  
c i t e d  a b o v e  a r e  n o t  i n  a g r e e m e n t  w i t h  t h e  g e n e r a l i z a t i o n  p u t  
f o r w a r d  by BENDER ( 1 9 7 8 )  t h a t  when foods a t  n e u t r a l  pH a r e
h e a t e d ,  t h e r e  i s  r e l a t i v e l y  no e f f e c t  on r i b o f l a v i n .  T h e r e f o r e ,  
r i b o f l a v i n  may a l s o  b e  a f f e c t e d  i n  some c a s e s  by c o o k i n g .  As 
r i b o f l a v i n  i s  w a t e r - s o l u b l e ,  t h e  e f f e c t  o f  c o o k i n g  may b e  due 
p a r t l y  t o  i t s  b e i n g  l e a c h e d  i n t o  t h e  c o o k i n g  w a t e r .
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THE COOKABILITY OF LENTILS 
INTRODUCTION
R e d u c i n g  t h e  c o o k i n g  t i m e  o f  l egum es  i s  o f  g r e a t  i m p o r t a n c e  to  
t h e  c o n s u m e r .  S t u d i e s  a r e  a l r e a d y  i n  p r o g r e s s  f o r  p r e p a r i n g  q u i c k  
c o o k i n g  l e g u m e s .  ELIAS ^  ( 1 9 7 3 )  h a v e  p r e p a r e d  p r e - c o o k e d
d e h y d r a t e d  w h o l e  b e a n s ,  w h i l e  KARKANAWI ( 1 9 7 4 )  h a s  a l s o  p r e p a r e d  
p r e - c o o k e d ,  r e f r i g e r a t e d  a n d  f r o z e n  le g u m e  s e e d s .  The f o l l o w i n g  
f i g u r e  ( f i g .  1 8 )  shows t h e  s t e p s  i n  t h e  p r e p a r a t i o n  o f  d e h y d r a t e d  
an d  f r o z e n  p r e - c o o k e d  l e g u m e s  a s  s u g g e s t e d  by KARKANAWI ( 1 9 7 4 ) ,  
and by ELIAS e t  a l .  ( 1 9 7 3 ) .
Raw s e e d s
Wash ing
S te am  b l a n c h i n g W a te r  b l a n c h i n g
S o a k i n g  i n  d i f f e r e n t  s o l u t i o n s
I
S te am  c o o k i n g
D e h y d r a t i o n R e f r i g e r a t i o n F r e e z i n g
F i g .  18. S t e p s  f o r  p r e p a r i n g  d i f f e r e n t  fo rms  o f  p r e - c o o k e d  l eg um e 
s e e d s  a f t e r  ELIAS e t  a l . ( 1 9 7 3 )  and  a f t e r  KARKANAWI ( 1 9 7 4 ) .
R e d u c i n g  t h e  c o o k i n g  t i m e  o f  l eg u m es  by s o a k i n g  a n d / o r  c o o k i n g  
them i n  c h e m i c a l s  i s  r e c e i v i n g  a g r e a t  d e a l  o f  a t t e n t i o n ,  b e c a u s e  
i t  i s  l e s s  e x p e n s i v e  c o m p ar ed  t o  o t h e r  fo r m s  o f  p r o c e s s i n g  e . g .  
d e h y d r a t i o n  o r  f r e e z i n g  a s  shown i n  f i g .  1 8 .  S e v e r a l  s t e p s  a r e  
i n v o l v e d  b e t w e e n  t h e  raw s e e d s  a n d  t h e  f i n a l  d e h y d r a t e d  o r
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r e f r i g e r a t e d  o r  f r o z e n  end p r o d u c t s  a n d  i n  e v e r y  s t e p  e n e r g y  i s  
i n v o l v e d  w h ic h  may t u r n  t h e  f i n a l  p r o d u c t  i n t o  an  e x p e n s i v e  o r  
u n e c o n o m i c  co m m o d i ty .
When s e e d  l e g u m e s  a r e  h e a t e d  i n  b o i l i n g  w a t e r ,  a l a r g e  g a i n  i n  
vo lum e o r  i n  w e i g h t  o r  i n  b o t h  i s  a n  i n d i c a t o r  t h a t  t h e  s e e d s  a r e  
c o o k e d  (SHINDE and  SHIRALKAR, 1 9 8 0 ;  MEINERS e t  a l .  1 9 7 6 ) .  The 
i n c r e a s e  i n  w e i g h t  o r  v o lu m e  i s  l i m i t e d  t o  t h e  w a t e r  h o l d i n g  
c a p a c i t y  o f  t h e  l eg um e b e y o  nd w h i c h  t h e  s e e d  c o a t  b r e a k s .
Legume s e e d s  a r e  d i f f i c u l t  t o  c o o k ,  p o s s i b l y  d u e  t o  t h e  p r e s e n c e  
o f  i n s o l u b l e  p e c t i n s  i n  t h e  c e l l  w a l l  (ABU-SHAKRA an d  TANNOUS, 
1 9 8 1 ) .  O t h e r  f a c t o r s  a f f e c t i n g  t h e  c o o k i n g  t i m e s  o f  l eg u m es  e . g .  
o f  p e a s  a n d  b e a n s  a r e  t h e  c o n t e n t s  o f  l i g n i n  an d  c e l l u l o s e  i n  
t h e  s e e d - c o a t  o r  i n  t h e  s e e d - c o a t  l a y e r  (MULLER, 1 9 6 7 ) .  A l s o  
c o o k i n g  t i m e  o f  p e a s  i s  i n f l u e n c e d  by f a c t o r s  su ch  as  
e l e c t r o l y t e s ,  pH, i s o e l e c t r i c  p o i n t ,  p r e s e n c e  o f  p e c t i n s  an d  
m i n e r a l s  .
ROCKLAND and METZLER ( 1 9 6 7 )  h a v e  f u t h e r  r e p o r t e d  t h a t  d i f f e r e n c e s  
i n  c o o k i n g  p r o p e r t i e s  may b e  r e l a t e d  t o  t h e  p r o t e i n  a n d  f i b r e  
c o n t e n t  o f  t h e  s e e d s .  They s u g g e s t e d  t h a t  c e r t a i n  s o a k i n g  
s o l u t i o n s  d e s i g n e d  t o  d i s p e r s e  o r  s o l u b i l i z e  p r o t e i n a c e o u s  
m a t e r i a l s  a r e  v e r y  e f f e c t i v e  i n  r e d u c i n g  t h e  c o o k i n g  t i m e  o f  
l e g u m e s .  SCHOCH and  MAYWALD ( 1 9 6 8 )  h a v e  r e p o r t e d  t h a t  t h e  c o o k i n g  
q u a l i t i e s  o f  v a r i o u s  p e a s  a n d  b e a n s  a r e  p r o b a b l y  i n f l u e n c e d  by 
t h e  p a s t i n g  c h a r a c t e r i s t i c  o f  t h e i r  s t a r c h  c o m p o n e n t s .
The e f f e c t  o f  some c h e m i c a l s  on t h e  c o o k i n g  t i m e s  w i l l  be  
i n v e s t i g a t e d  i n  t h i s  p a r t  o f  t h e  p r e s e n t  s t u d y .
E f f e c t  o f  some c h e m i c a l s  on t h e  c o o k i n g  o f  l eg u m es
Many c h e m i c a l s  i n c l u d i n g  n e u t r a l  s a l t s ,  a c i d s ,  a l k a l i s ,  o x i d i z i n g  
an d  r e d u c i n g  a g e n t s  a n d  s u r f a c e  a c t i v e  m a t e r i a l s  h a v e  b e e n  
i n v e s t i g a t e d .  ROCKLAND ( 1 9 7 8 )  h a s  r e p o r t e d  t h a t  a  2% NaCl
1s o l u t i o n  d e c r e a s e s  t h e  c o o k i n g  t i m e s  s l i g h t l y  a s  d o e s  r e ­
h y d r a t i o n  o f  w h o l e  b e a n s  i n  d i l u t e  a l k a l i  s o l u t i o n .  A l s o  v a r i o u s  
p h o s p h a t e s  h a v e  b e e n  t e s t e d ,  b e c a u s e  o f  t h e i r  r e c o g n i z e d  m e t a l  
c h e l a t i n g  p r o p e r t i e s  a n d  t h e  p r e m i s e  t h a t  c o t y l e d o n o u s  c e l l s  may 
be h e l d  t o g e t h e r  by c a l c i u m  o r  o t h e r  b i v a l e n t  c a t i o n  b r i d g e s  i n  
t h e  p r o t e i n - c a r b o h y d r a t e s  m a t r i x  o f  t h e  m i d d l e  l a m e l l a  (ROCKLAND, 
1978 ) .
A n o t h e r  p o s s i b l e  e x p l a n a t i o n  o f  liow t h e s e  s o l u t i o n s  a f f e c t  t h e  
c o o k i n g  t i m e  i s  t h a t  by  w e t t i n g  t h e  i n n e r  membrane i t  h y d r a t e s  
r a p i d l y ,  p l a s t i c i s i n g  t h e  s e e d  a n d  c a u s i n g  i t  t o  e x p a n d  t o  i t s  
maximum d i m e n s i o n  w i t h i n  a s h o r t  t im e  (ROCKLAND an d  METZLER, 
1 9 6 7 ) .
I n  t h e  p r e s e n t  s t u d y ,  a c h e m i c a l  s o l u t i o n  was  u s e d  d u r i n g  t h e
s o a k i n g  p e r i o d  o n l y  and i t s  a d v a n t a g e s  o v e r  c o o k i n g  i n  t h e
c h e m i c a l  s o l u t i o n  i s  t h a t  any c h a n g e  i n  t h e  o r g a n o l e p t i c  
p r o p e r t i e s  i . e .  c o l o u r  an d  f l a v o u r  t h a t  t a k e s  p l a c e  d u r i n g  t h e  
s o a k i n g  p e r i o d  may be  a n n u l l e d  by w a s h i n g  t h e  s e e d s  i n  f r e s h
w a t e r .
M e a s u r i n g  t h e  c o o k i n g  t i m e  o f  s e e d s
T h e r e  a r e  m e t h o d s  e i t h e r  o b j e c t i v e  o r  s u b j e c t i v e  f o r  m e a s u r i n g  
c o o k i n g  t i m e .
1 . The o b j e c t i v e  m e th o d
T h i s  m e t h o d  i s  b a s e d  o n  t h e  u s e  o f  s p e c i a l i z e d  e q u i p m e n t  to  
m e a s u r e  t h e  p r e s s u r e  n e e d e d  f o r  a p r o b e  t o  p e n e t r a t e  t h e  s e e d .  
The t e n d e r n e s s  o f  c o o k e d  o r  p a r t i a l l y  c o o k e d  l e g u m e s  ca n  be
e s t i m a t e d  by s h e a r p r e s s  m e a s u r e m e n t s  (ROCKLAND an d  METZLER, 
1 9 6 7 ) .
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2 .  The s u b j e c t i v e  m e t h o d s
Under  t h i s  c a t e g o r y  d i f f e r e n t  w a y s  h a v e  b e e n  r e p o r t e d .
( a )  By t h e  f e e l i n g  o f  s o f t n e s s  when co o k e d  s e e d s  a r e  p r e s s e d  
b e t w e e n  t h e  thumb a n d  t h e  f i r s t  f i n g e r  (SHINDE and  SHIRALKAR,
1 9 8 0 ) .
( b )  P r e s s i n g  t h e  co o k e d  s e e d s  b e t w e e n  two g l a s s  s l i d e s  u n t i l  no 
h a r d  m a t e r i a l  i s  l e f t .
( c )  When a t r a i n e d  p e r s o n ( s )  a g r e e s  t h a t  t h e  p r o d u c t  i s  c o o k e d  
and u n i f o r m  i n  t e x t u r e .
( d )  The t e n d e r n e s s  a n d  t e x t u r e  o f  b o i l e d  s e e d s  may b e  a s s e s s e d  by 
f e e l  a f t e r  p r e s s i n g  i n d i v i d u a l  s e e d s  w i t h  t h e  b a c k  o f  a s p o o n ,  
w h i c h  when w e l l  c o o k e d  p r o d u c e  a s m o o th  u n i f o r m  p a s t e ,  w h i l e  when 
s t i l l  u n c o o k e d  do n o t  fo rm  a p a s t e  (ABU-SHAKRA an d  TANNOUS,
1 9 8 1 ) .
T h i s  m e t h o d  ( d )  h a s  b e e n  u s e d  i n  t h e  p r e s e n t  w o r k  a s  i t  h a s  
o b v i o u s  a d v a n t a g e s  o v e r  t h e  o t h e r  t h r e e  m e t h o d s  j u s t  d e s c r i b e d .
P r e l i m i n a r y  s t u d i e s  on t h e  w a t e r - u p t a k e  d u r i n g  c o o k i n g  o f  l e n t i l
s e e d s
NARASIMHA an d  DESIKACHAR ( 1 9 7 8 )  h a v e  r e p o r t e d  t h a t  w a t e r - u p t a k e  
a f t e r  a  d e f i n i t e  p e r i o d  o f  c o o k i n g ,  c o u l d  p r e s e n t  a m e a s u r e  o f  
c o o k a b i l i t y  o f  l e g u m e s .  T h i s  m e t h o d  ( w a t e r - u p t a k e )  h a s  b e e n  u s e d  
i n  t h e  p r e s e n t  s t u d y  o v e r  a  p e r i o d  o f  60 m in  ( a f t e r  t h e  s e e d s  h a d  
b e e n  s o a k e d  f o r  2 h i n  w a t e r )  i n  a n  a t t e m p t  t o  f i n d  t h e  maximum 
r a t e  o f  w a t e r  u p t a k e  i n  l e n t i l s .  The h i g h e r  t h e  i n c r e a s e  i n  w a t e r  
u p t a k e ,  t h e  q u i c k e r  t h e  s e e d s  c o o k e d  ( h e n c e  a d e c r e a s e  i n  c o o k i n g  
t i m e ) .
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P r o c e d u r e
T h r e e  a l i q u o t s ,  10 g e a c h ,  frcrai e a c h  v a r i e t y ,  w e r e  s o a k e d  i n  50 
ml o f  t a p  w a t e r  f o r  2 h .  They w e r e  d r a i n e d  a n d  t h e n  c o o k e d  i n  50
ml w a t e r  a s  i n  t h e  p r e v i o u s  m e t h o d  ) .  Th e f i r s t  a l i q u o t
was co o k e d  f o r  20 m i n ,  t h e  s e c o n d  f o r  40 m i n ,  a n d  t h e  t h i r d  f o r  
60 m i n .  F o r  t h e  d e t e r m i n a t i o n  o f  w a t e r  u p t a k e ,  t h e  m e t h o d  o f  
NARASIMHA an d  DESIKACHAR ( 1 9 7 8 )  was u s e d .  The c o o k e d  s a m p l e s  w e r e  
c e n t r i f u g e d  a t  3000 rpm f o r  15 min  a n d N d e c a n t i n g  t h e  s u p e r n a t a n t ,  
and r e m o v i n g  e x c e s s  s u r f a c e  w a t e r ,  t h e  r e s i d u e  was w e i g h e d ,  and 
i n c r e a s e  i n  w e i g h t  was d e t e r m i n e d  a n d  w a t e r  u p t a k e  was d e t e r m i n e d  
i n  e a c h  c a s e .
T a b l e  42 ( f i g .  19 ; a p p e n d i x  3 ) shows t h e  w a t e r  u p t a k e  a t
d i f f e r e n t  t i m e s .  The r a t e  o f  w a t e r  u p t a k e  i n c r e a s e d  m a x i m a l l y  
b e t w e e n  20 a n d  40 m in  o f  b o i l i n g .  L e n t i l s  co o k ed  f o r  1 h showed
an i n c e a s e  i n  w a t e r  u p t a k e  f rom 260% (SML) t o  281% (AMR) ( t a b l e
4 2 ) .
The p r e l i m i n a r y  r e s u l t s  show t h a t  ^ s o a k i n g  t h e  s e e d s  f o r  2 h and 
t h e n  c o o k i n g  them i n  w a t e r ,  t h e  h i g h e s t  r a t e  o f  w a t e r  u p t a k e  i s  
b e t w e e n  20 an d  40 m i n .  I n  s u b s e q u e n t  s t u d i e s ,  a c o o k i n g  t i m e  o f  
•20 m in  was  u s e d  a s  i t  was  w i t h i n  t h e  ab o v e  o b s e r v e d  r a n g e .
E f f e c t  on  c o o k i n g  t i m e  a f t e r  s o a k i n g  t h e  s e e d s  i n  d i f f e r e n t
c h e m i c a l  s o l u t i o n s
F o r  t h e  p u r p o s e  o f  t h i s  p a r t  o f  t h e  s t u d y ,  a nu m b er  o f  c h e m i c a l s  
h a v e  b e e n  u s e d ,  an d  t h e y  i n c l u d e  s a l t s ,  a l k a l i s  a n d  a c i d s ,  e . g .  
ammonium c a r b o n a t e ,  s o d i u m  b i c a r b o n a t e ,  t r i s o d i u m  p h o s p h a t e ,  
am in o  a c i d s  ( e . g .  g l u t a m i c  a c i d  a n d  a r g i n i n e  ) an d  h y d r o c h l o r i c  
a c i d .
T h e s e  c h e m i c a l s  w e r e  u s e d  s e p a r a t e l y  a s  f o l l o w s  :
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1 . ( N H ^  IgCO] (1%)
2.NaHC0]  (1%)
S.NagPO^ (1%)
4 . G l u t a m i c  a c i d  (1%)
5 . A r g i n i n e  (1%)
6 . H y d r o c h l o r i c  a c i d  (1%)
A c i d s  w e r e  t e s t e d ,  b e c a u s e  i t  i s  t h o u g h t  t h a t  t h e  b e n e f i c i a l  
e f f e c t  ( r e d u c i n g  c o o k i n g  t i m e )  o f  o t h e r  c h e m i c a l s  i s  due to  t h e i r  
r a i s i n g  t h e  pH o f  t h e  s o l u t i o n  (CAROBUENOet al^ 1 9 8 0 ) .  T h e r e f o r e ,  
s a l t s  a n d  a c i d s  h a v e  b e e n  t e s t e d  t o  f i n d  ( 1 )  i f  t h e y  a f f e c t  t h e  
c o o k a b i l i t y  of  l e n t i l s  a n d  ( 2 )  t h e i r  e f f e c t ,  i . e .  w h e t h e r  t h e y  
e n h a n c e d  o r  d e l a y e d  t h e  r e h y d r a t i o n  r a t e .
I n  t h e  p r e s e n t  s t u d y ,  t h e  c o o k a b i l i t y  ( c o o k i n g  t i m e  ) o f  l e n t i l s  
was  i n v e s t i g a t e d .  T h i s  w as  done by s o a k i n g  t h e  s e e d s  i n  d i f f e r e n t  
s o l u t i o n s  f o r  2 h a n d  t h e n  c o o k i n g  them f o r  v a r i o u s  t i m e s  i n  
w a t e r .  W h i l e  o t h e r  i n v e s t i g a t o r s  h a v e  a d d e d  t h e  c h e m i c a l s  
d i r e c t l y  t o  t h e  c o o k i n g  w a t e r ,  t h e  r e a s o n  why t h i s  was  n o t  done 
i n  t h e  p r e s e n t  s t u d y  h a s  b e e n  m e n t i o n e d  e a l i e r  ( p . ( 8 8 ) '
MATERIALS AND METHODS
1 .  D e t e r m i n a t i o n  o f  t i m e  t a k e n  t o  cook  l e n t i l  s e e d s
F o r  t i m e  t a k e n  t o  c o o k ,  t h e  m e t h o d  a s  d e s c r i b e d  on p i s g w a s  u s e d .  
T w en ty  g o f  e a c h  o f  t h e  f o u r  v a r i e t i e s  w e r e  s o a k e d  i n  100 ml of  
w a t e r  f o r  2 h .  At  t h e  end o f  t h e  s o a k i n g  p e r i o d ,  t h e y  w e re  w a s h e d  
w i t h  f r e s h  w a t e r  a n d  100 ml was a d d e d  a n d  t h e n  b o i l e d  g e n t l y  
( s i m m e r e d )  f o r  50 m i n .
The t e n d e r n e s s  a n d  t e x t u r e  o f  b o i l e d  s e e d s  w e r e  a s s e s s e d  by t h e  
m e t h o d  o f  ABU-SHAKRA a n d  TANNOUS ( 1 9 8 1 )  ( p i 8 9 )  w h ich  d e p e n d s  on 
t h e  m o u t h  f e e l  a f t e r  p r e s s i n g  s e e d s  w i t h  a s p o o n .  The b o i l i n g  was  
c o n t i n u e d  a n d  t h e  t e s t  f o r  c o o k e d  s e e d s  was  r e p e a t e d  e v e r y  f i v e
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m i n u t e s  u s i n g  t h e  same p r o c e d u r e  o f  t e n d e r n e s s  a n d  t e x t u r e  a s  
a b o v e .
2 . E f f e c t  o f  c h e m i c a l s  on t i m e  t o  cook
T h r e e  s a m p l e s  10 g e a c h ,  f rom e a c h  v a r i e t y ,  w e re  s o a k e d  f o r  2 h 
i n  50 ml o f  w a t e r  ( c o n t r o l )  an d  a n o t h e r  s e t  o f  t h r e e  s a m p l e s  w e r e  
s o a k e d  i n  50 ml o f  ea c h  o f  t h e  f o l l o w i n g  s o l u t i o n s :
1 . (NH4 ) 2 C0 ]  ( 1 %)
2 .  NaHCOg (1%)
3 .  NagPO^ (1%)
4 .  G l u t a m i c  a c i d  (1%)
5 .  A r g i n i n e  (1%)
6 .  H y d r o c h l o r i c  a c i d  (1%)
At  t h e  en d  o f  t h e  s o a k i n g  t i m e ,  t h e  s o l u t i o n  was  d r a i n e d ,  a n d  
s e e d s  w e r e  r i n s e d  o n c e  w i t h  w a t e r .  The f i r s t  s a m p l e  was  u s e d  t o  
d e t e r m i n e  t h e  w a t e r  u p t a k e  a t  t h e  en d  o f  t h e  s o a k i n g  p e r i o d .  The 
s e c o n d  s a m p l e  was  b o i l e d  i n  50 ml o f  t a p  w a t e r  f o r  20 m i n .  
B o i l i n g  a n d  w a t e r  u p t a k e  w e r e  c a r r i e d  o u t  a s  d e s c r i b e d  p r e v i o u s l y  
( P ' 1 9 0 ) '  The t h i r d  s a m p l e  was  b o i l e d  i n  50 ml w a t e r ,  an d  t i m e  
n e e d e d  f o r  c o o k i n g  was  a s s e s s e d  by m outh  f e e l  o f  s p o o n  p r e s s e d  
s e e d s  ( p . 189).
RESULTS AND DISCUSSION
I n  t h e  p r e s e n t  s t u d y ,  l e n t i l s  c o o k e d  f o r  1 h showed a  r a n g e  o f  
i n c r e a s e s  i n  w a t e r  u p t a k e  f rom  260% (SML) to  280% (AMR) ( t a b l e  
4 2 ) ,  a n d  t i m e  f o r  c o o k i n g  r a n g e s  f r om  60 m i n  (JOR) t o  72 m i n  
(SML) ( t a b l e , 4 4 ) .
Lower  v a l u e s  o f  200% o f  w a t e r  u p t a k e  f o r  s p l i t  l e n t i l s  h a v e  b e e n  
r e p o r t e d  by MEINERS et .  ± 1 '  ( 1 9 7 6 ) .  The d i f f e r e n c e s  o b t a i n e d  by
t h e  l a t t e r  a n d  t h o s e  i n  t h e  p r e s e n t  s t u d y ,  may p a r t l y  b e  due t o  
d i f f e r e n c e s  i n  t h e  s t a r t i n g  m a t e r i a l ,  i . e .  e i t h e r  s p l i t  o r  w h o l e
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Table 42: Increase in water uptake (g/lOOg) afte r
cooking time (min.)
Variety 20 min 40 min 60 min
AMR
LAG
JOR
SML
102
105
116
90
265
259
252
247
281
275
273
260
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l e n t i l  s e e d s ,  and i n  c o o k i n g  t i m e s ,  s i n c e  t h e i r  c o o k i n g  t i m e  was
f o r  30 m i n .  I t  i s  a l s o  w e l l  known t h a t  t i m e  to  cook may v a r y
w i t h i n  a s i n g l e  v a r i e t y  co m in g  f r o m  d i f f e r e n t  l o c a t i o n  (SHINDE 
and SHIRALKAR, 1 9 8 0 ) .
T a b l e  43 shows t h a t  s o a k i n g  l e n t i l  s e e d s  i n  t h e  s i x  c h e m i c a l  
s o l u t i o n s  o f  p . - iQi  h a v e  i n c r e a s e d  t h e  w a t e r  u p t a k e  o f  a l l  f o u r  
v a r i e t i e s  t e s t e d .
I t  was  o b s e r v e d  t h a t  d u r i n g  s o a k i n g  t h e  s e e d s  i n  ammonium 
c a r b o n a t e  an d  i n  t r i s o d i u m  p h o s p h a t e ,  c h a n g e s  i n  t h e  c o l o u r  o f  
t h e  s e e d s  f rom o l i v e  to  d a r k  brown t o o k  p l a c e ,  and when t h e
s o a k e d  s e e d s  w e r e  w a s h e d  w i t h  f r e s h  w a t e r ,  t h e  c o l o u r  i m p r o v e d .
I t  can  be s e e n  ( t a b l e  4 4 )  t h a t  t h e  e f f e c t s  o f  s o a k i n g  i n  t h e  
v a r i o u s  c h e m i c a l s  on t h e  c o o k a b i l i t y  o f  l e n t i l s  v a r y  f rom o n e  
c h e m i c a l  t o  a n o t h e r .  Ammonium, c a r b o n a t e  i s  t h e  m o s t  e f f e c t i v e ,  
f o l l o w e d  by t r i s o d i u m  p h o s p h a t e  and s o d i u m  b i c a r b o n a t e ,  w h i l e  HCl 
i s  t h e  l e a s t  e f f e c t i v e .  Both  HCl and  g l u t a m i c  a c i d  show no 
s i g n i f i c a n t  e f f e c t  when c o m p a red  t o  w a t e r  c o n t r o l s  g e n e r a l l y ,  
e x c e p t  f o r  a s l i g h t  s i g n i f i c a n t  d e c r e a s e  i n  c o o k i n g  t i m e  a f t e r  
t h e  g l u t a m i c  a c i d  t r e a t m e n t  of  v a r .  LAG.
On t h e  w h o l e ,  r e s u l t s  show a good c o r r e l a t i o n  w i t h  t h e  w a t e r  
u p t a k e  e x p e r i m e n t s  ( t a b l e  4 4 )  : t h e  h i g h e r  t h e  w a t e r  u p t a k e ,  t h e
l o w e r  t h e  c o o k i n g  t i m e .
I n  c e l l  w a l l s  o f  legume s e e d s ,  t h e r e  a r e  v a r y i n g  a m o u n t s  o f  
c a l c i u m  i n  t h e  fo rm  o f  c a l c i u m  p e c t a t e .  The l a t t e r  i s  d i f f i c u l t  
t o  b r e a k  down a n d  t h e r e f o r e  a l o n g  s o a k i n g  a n d / o r  p r o l o n g e d  
c o o k i n g  t i m e  a r e  r e q u i r e d .
Two s u g g e s t i o n s  h a v e  b e e n  p u t  f o r w a r d  t o  a c c o u n t  f o r  t h e  
r e d u c t i o n  i n  c o o k i n g  t i m e s  o f  l eg u m e s  s o a k e d  i n  c h e m i c a l s  :
1 .  t h a t  t h e  c o o k a b i l i t y  o f  l eg u m es  i s  i n f l u e n c e d  by some f a c t o r s
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S
s u c h  a s  pH, an d  e l e c t r o l y t e s .  HOLEjWORTH ( 1 9 7 9 )  h a s  r e p o r t e d  t h a t  
i o n s  a n d  pH a f f e c t  t h e  r e l e a s e  o f  p e c t i c  s u b s t a n c e s  d u r i n g  t h e  
c o o k i n g  o f  p o t a t o e s ,  and so  p r e s u m a b l y  a l s o  i n  l e g u m e s .  MULLER 
( 1 9 6 7 )  h a s  r e p o r t e d  t h a t  t h e  Na^/  s a l t s  r e a c t  w i t h  t h e
i n s o l u b l e  Ca^t  M g ^ ^ p e c t a t e  p r e s e n t  i n  t h e  c e l l  w a l l  ( e s p e c i a l l y  
t h o s e  i n  t h e  s e e d  c o a t s ) ,  w h ich  c o n v e r t s  t h e  C a ^  Mg2f p e c t a t e  to  
t h e  s o l u b l e  Na^ /  p e c t a t e .
2 .  t h a t  c e r t a i n  compounds  a c t  as  c h e l a t i n g  a g e n t s  a n d  t h a t
s o f t e n i n g  o f  t h e  t i s s u e  i s  due i n  p a r t  t o  e x t r a c t i o n  o f  c a l c i u m  
a n d / o r  m a g n e s i u m  and  d i s s o c i a t i o n  o f  t h e  c o m p l e x e s  d u r i n g  
c o o k i n g .
I n  t h e  p r e s e n t  c o n t e x t ,  t h e  t h r e e  compounds  t h a t  g i v e  t h e  b e s t
r e s u l t s  a r e  t h e  t h r e e  a l k a l i s ,  ammonium c a r b o n a t e ,  t r i s o d i u m  
p h o s p h a t e ,  an d  s o d i u m  c a r b o n a t e ,  and  t h e r e f o r e  a l l  t h r e e  may 
s o l u b i l i s e  t h e  p r o t e i n  c o m p o n e n t s .  Only  one i s  a c h e l a t i n g  a g e n t  
( t r i s o d i u m  p h o s p h a t e ) .  S o ,  i t  seems t h a t  t h o s e  c h e m i c a l s  w h i c h  
a r e  e f f e c t i v e  i n  r e d u c i n g  c o o k i n g  t i m e s  a r e  a l k a l i s .
The c o n c l u s i o n  f r o m  t h i s  s t u d y  i s  t h e r e f o r e  t h a t  a l k a l i s  an d
s o l u b i l i s e r s  o f  p r o t e i n  a r e  i m p o r t a n t  i n  r e d u c i n g  t h e  c o o k i n g  
t i m e  o f  l e n t i l s .
The o v e r a l l  r e s u l t s  i n d i c a t e  t h a t  s o a k i n g  l e n t i l s  i n  c e r t a i n  
c h e m i c a l s  h e l p s  i n  r e d u c i n g  t h e  c o o k i n g  t i m e .  T h i s  i s  e s p e c i a l l y  
i m p o r t a n t  i n  f o o d  d e f i c i e n t  a r e a s  w h i c h  a l s o  s u f f e r  f rom  l a c k  o f  
f u e l .  C o n s e q u e n t l y  t h i s  t r e a t m e n t  n o t  o n l y  o f f e r s  a  means  o f  
s a v i n g  c o o k i n g  t i m e  b u t  a l s o  o f  s a v i n g  f u e l s  w h i c h  w o u ld  
o t h e r w i s e  b e  w a s t e d .
198
CHAPTER Vil
EFFECT OF CANNING AND STORAGE ON NUTRIENTS OF LENTILS 
INTRODUCTION
1 . D e v e l o p m e n t  o f  c a n n i n g
The G r e e k  C i v i l i z a t i o n  h a d  a w id e  r a n g e  o f  f o o d s  i n h e r i t e d  f ro m  
t h e  E a s t .  D i f f e r e n t  f a c t o r s  i n f l u e n c e d  f o o d  p r o d u c t i o n  a n d  
p r o c e s s i n g  by t h e i r  demands  f o r  c e r t a i n  k i n d  o f  f o o d s  o r  t h e i r  
p r o h i b i t i o n  o f  o t h e r s .  STEWART and AMERINE ( 1 9 7 3 )  h a v e  r e p o r t e d  
t h a t  N a p o l e o n i c  w a r s  s t i m u l a t e d  r e s e a r c h  f o r  new m e t h o d s  o f  
p r o c e s s i n g  f o o d  i n  a s t a b l e  and n u t r i t i o u s  c o n d i t i o n  a n d  s t a t e d  
t h a t  A p p e r t  s u c c e s s f u l l y  p r e s e r v e d  v a r i o u  f o o d  i n  s e a l e d  j a r s  
h e a t e d  i n  b o i l i n g  w a t e r  a s  e a r l y  as  1 7 9 5 .  The c o m m e r c i a l  
d e v e l o p m e n t  o f  c a n n i n g  p r o c e s s i n g  was one o f  t h e  m o s t  i m p o r t a n t
s c i e n t i f i c  d e v e l o p m e n t s  o f  t h e  fo od  i n d u s t r y .  T o - d a y ,  t h e  l a t e s t
d e v e l o p m e n t  i n  S c i e n c e  an d  E n g i n e e r i n g  f i n d s  i t s  a p p l i c a t i o n  i n
fo o d  p r o c e s s i n g .
2 .  R e a s o n s ,  f u n c t i o n s ,  an d  s i g n i f i c a n c e  o f  c a n n i n g
C a n n i n g  i s  c a r r i e d  o u t  f o r  a v a r i e t y  o f  p u r p o s e s  i n c l u d i n g
p r e s e r v a t i o n ,  i m p r o v e m e n t  o f  p a l a b i l i t y  an d  t e x t u r e  o f  f o o d .  
T h e r e  i s  a  g r e a t  d e a l  o f  e f f o r t  f r om  I n t e r n a t i o n a l  O r g a n i s a t i o n s  
t o  i n c r e a s e  f o o d  p r o d u c t i o n  by d e c r e a s i n g  p o s t - h a r v e s t  l o s s e s  a n d  
a l s o  i m p r o v i n g  s t o r a g e  c o n d i t i o n s .  P r o c e s s i n g ,  t h e r e f o r e ,  i s  
e s s e n t i a l  t o  e n s u r e  t h a t  s u r p l u s  c rops  w i l l  be  s u f f i c i e n t  an d  f i t  
f o r  human c o n s u m p t i o n .  DOBIE ( 1 9 8 2 )  h a s  r e p o r t e d  t h a t  l egum e  
s e e d s ,  d u r i n g  s t o r a g e  may b e  a t t a c k e d  by a num ber  o f  a g e n t s  
i n c l u d i n g  ( 1 )  m i c r o - o r g a n i s m s ,  ( 2 )  i n s e c t s ,  an d  ( 3 )  r o d e n t s ,  
w h i c h  r e s u l t  i n  l o s s  i n  t h e  q u a l i t y  and  i n  t h e  q u a n t i t y  o f  s t o r e d  
s e e d s .  I n  t r o p i c a l  an d  s u b t r o p i c a l  c o u n t r i e s ,  i n s e c t s  a c c o u n t  f o r  
t h e  g r e a t e s t  w e i g h t  l o s s  o f  l egum es  a f t e r  h a r v e s t .
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The m a i n  f u n c t i o n s  o f  f o o d  p r o c e s s i n g  a s  s u m m a r i s e d  by STEWART 
and  AMERINE ( 1 9 7 3 )  a r e  :
1 )  p r e v e n t i o n  o f  u n d e s i r a b l e  c h a n g e s  i n  f o o d  w h i c h  a r e  c a u s e d  by 
t h e  i n v a s i o n  a n d  g ro w t h  o f  m i c r o - o r g a n i s m s ,  o r  by  c h e m i c a l ,  
p h y s i c a l ,  and b i o c h e m i c a l  r e a c t i o n s  o f  t h e  compounds  p r e s e n t  i n  
t h e  fo o d  i t s e l f ,
2 )  c o n v e r s i o n  o f  raw m a t e r i a l s  i n t o  c o n s u m er  i t e m s ,  and
3 )  t h e  p r o d u c t i o n  o f  an e f f i c i e n t  h a n d l i n g  u n i t .
C a n n i n g  f o r m s  t h e  m a j o r  m e t h o d  o f  p r e s e r v i n g  f o o d s ,  and i s  
f o u n d e d  on  t h e  b a s i c  p r e m i s e  o f  d e s t r u c t i o n  o f  m i c r o - o r g a n i s m s  by 
h e a t ,  a n d  t h e  p r e v e n t i o n  o f  r e c o n t a m i n a t i o n  (LUH and WOODROOF, 
1 9 7 5 ) .  I n  m o d e r n  l eg u m e  t e c h n o l o g y ,  o t h e r  fo rm s  o f  p r o c e s s i n g ,  
m a i n l y  p r e c o o k e d  d e h y d r a t e d  o r  p r e c o o k e d  f r o z e n  le g u m e  s e e d s  a r e  
a l s o  u s e d  (ROCKLAND an d  METZLER, 1 9 6 7 ) .  ELIAS e t  a l . ( 1 9 7 3 )  h a v e  
p o i n t e d  o u t  t h a t  i n  s e l e c t i n g  t h e  t y p e  o f  p r o c e s s i n g  f o r  l e g u m e s  
t h e  f o l l o w i n g  a s p e c t s  s h o u l d  b e  c o n s i d e r e d  ;
1 )  t h e y  s h o u l d  h a v e  t h e  a d v a n t a g e s  o f  b e i n g  c o n s t a n t l y  a v a i l a b l e  
t h r o u g h o u t  t h e  y e a r ,
2 )  f r o m  an i n d u s t r i a l  p o i n t  o f  v i e w ,  t h e y  m u s t  b e  e c o n o m i c a l  
s i n c e  p r o c e s s i n g  i n v o l v e s  a n  i n c r e a s e  i n  t h e  f i n a l  c o s t  o f  t h e  
p r o d u c t ,  an d
3 )  p r o c e s s i n g  m u s t  b e  d e v e l o p e d  t o  t h e  d i e t a r y  h a b i t  o f  t h e  
p e o p l e .
C a n n i n g  was  s e l e c t e d  i n  t h e  p r e s e n t  s t u d y ,  a s  i t  i s  one  o f  t h e  
f o r m s  t h a t  ca n  f u l f i l l  t h e  a b o v e  c o n s i d e r a t i o n s .  T o - d a y ,  a l a r g e r  
p r o p o r t i o n  o f  v e g e t a b l e s  i s  b e i n g  p r o c e s s e d  c o m m e r c i a l l y  t h a n  
e v e r  b e f o r e ,  an d  f o o d  c o m b i n a t i o n s  i n  p r e s e r v e d  f o r m s  t h a t  r e t a i n  
t h e i r  n u t r i t i v e  v a l u e ,  h a v e  im p r o v e d  m a n ' s  h e a l t h ,  a d d e d  v a r i e t y
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t o  h i s  d i e t  an d  r e d u c e d  t h e  t im e  f o r  fo o d  p r e p a r a t i o n .
3 .  P r i n c i p l e s  o f  c a n n i n g
C a n n i n g  i s  d e f i n e d  a s  a  p r o c e s s  f o r  p r e s e r v i n g  f o o d  w h i c h  i s  
a c h i e v e d  by t h e  a p p l i c a t i o n  o f  a t h e r m a l  s t e r i l i s a t i o n  p r o c e d u r e  
t o  p r o d u c t s  p a c k e d  i n  h e r m e t i c a l l y  s e a l e d  c o n t a i n e r s .  T h i s  
i n c l u d e s  t h e  f o l l o w i n g  s t e p s  (HERSOM and HOLLAND, 198 0;  LUH and 
WOODROOF, 19 7 5 )  :
i . P r e p a r a t i o n  o f  t h e  f o o d . I n  t h e  c a s e  o f  v e g e t a b l e s ,  t h e y  a r e  
b l a n c h e d .  The a im o f  b l a n c h i n g  i s  t o  e x p e l  t h e  a i r  f rom t h e  
p r o d u c t  so a s  t o  r e d u c e  i n t e r n a l  c a n  p r e s s u r e  d u r i n g  h e a t  
s t e r i l i s a t i o n ,  t o  i n a c t i v a t e  e n z y m e s ,  and t h u s  t o  a r r e s t  c h a n g e s  
i n  f l a v o u r ,  and t o  s o f t e n  t h e  p r o d u c t  so t h a t  m o r e  may be  f i l l e d  
i n t o  t h e  can (LUH and WOODROOF, 1 9 7 5 ) .
i i . F i l l i n g  o f  t h e  c o n t a i n e r  w i t h  f o o d  m a t e r i a l . The am oun t  o f  
fo o d  t o  b e  a d d e d  d e p e n d s  u p o n  t h e  s i z e  o f  t h e  c a n ,  an d  t h i s  i s  
a l s o  g o v e r n e d  by t h e  Code o f  P r a c t i c e  f o r  e a c h  c o u n t r y .  B r i n e  o r  
s y r u p  i s  a d d e d .  A p a r t  frcxn t h e  e c o n o m ic  a s p e c t ,  t h e  f i l l i n g  o f  
t h e  c o r r e c t  w e i g h t  o f  m a t e r i a l  h a s  an  i m p o r t a n t  b e a r i n g  on o t h e r  
o p e r a t i o n s  i n  t h e  c a n n i n g  p r o c e s s .
i i i .  E x h a u s t i n g  w h i c h  i s  e s s e n t i a l  f o r  t h e  r e m o v a l  o f  o xygen  
w h i c h  a c c e l e r a t e s  t h e  i n t e r n a l  c o r r o s i o n  o f  t h e  c a n .  H e a t  o r  
m e c h a n i c a l  e x h a u s t  i s  u s e d  t o  r e l e a s e  a i r  o r  gas  t r a p p e d  i n  t h e  
p r o d u c t  an d  t o  d i s p l a c e  a i r  i n  t h e  h e a d s p a c e  by w a t e r  v a p o u r .
i v .  S e a l i n g  o f  t h e  c o n t a i n e r . T h i s  i s  e s s e n t i a l  s i n c e  t h e  
m a i n t e n a n c e  o f  s t e r i l i t y  i s  d e p e n d e n t  on t h e  e f f i c i e n c y  o f  
o p e r a t i o n s  s u c h  a s  s e a m i n g  a n d  c l o s i n g  o f  c a n s .  The c a n s  a r e  
h e r m e t i c a l l y  s e a l e d .
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V . P r o c e s s i n g / S t e r i l i s a t i o n . T h i s  i s  t h e  h e a r t  o f  t h e  c a n n i n g
f a c t o r y  (MOSS, 1 9 7 9 ) .  The c o n t a i n e r s  m u s t  b e  h e a t e d  f o r  an  
a c c u r a t e l y  p r e d e t e r m i n e d  t i m e  an d  t e m p e r a t u r e  i n  a n  a t m o s p h e r e  o f  
s a t u r a t e d  s t e a m  o r  i n  h e a t e d  w a t e r .  M i c r o - o r g a n i s m s  w h i c h  c a u s e  
s p o i l a g e  a r e  d e s t r o y e d  by  h e a t .  The t e m p e r a t u r e  an d  t i m e  o f  
p r o c e s s i n g  v a r y  w i t h  t h e  n a t u r e  o f  t h e  p r o d u c t  an d  s i z e  o f  t h e
c a n ,  e . g .  a No. 303 can o f  p e a s  s e a l e d  a t  140 F may b e  p r o c e s s e d
i n  35 m in  a t  240 F.
v i . C o o l i n g . The c a n s  a r e  c o o l e d  a s  r a p i d l y  a s  p o s s i b l e .  P r e s s u r e  
c o o l i n g  may a l s o  b e  c a r r i e d  o u t  by m a i n t a i n i n g  t h e  r e t o r t
p r e s s u r e  d u r i n g  t h e  c o o l i n g  p e r i o d  by r e p l a c i n g  s t e a m  w i t h
c o m p r e s s e d  a i r ;  t h e  a i r  p r e s s u r e  b e i n g  m a i n t a i n e d  w h i l e  t h e
r e t o r t  i s  f l o o d e d  w i t h  c o l d  w a t e r .  Cans  c o n s i s t  p r i m a r i l y  o f  t i n -  
c o a t e d  s t e e l .
4 .  Q u a l i t y  o f  c a n n e d  v e g e t a b l e s
LUH an d  WOODROOF ( 1 9 7 5 )  h a v e  r e p o r t e d  t h a t  t h e  q u a l i t y  o f  c a n n e d  
v e g e t a b l e s  i s  a f f e c t e d  n o t  o n l y  by t h e  h e a t  p r o c e s s ,  b u t  a l s o  by 
t h e  m e t h o d  o f  p r e p a r a t i o n .  A l l  v e g e t a b l e  p r o d u c t s  a r e  u n s t a b l e  t o  
some e x t e n t ,  r e g a r d l e s s  o f  w h e t h e r  t h e y  a r e  d r i e d ,  f r o z e n ,  o r  
c a n n e d ,  s i n c e  c h a n g e s  may o c c u r  i n  f l a v o u r ,  c o l o u r ,  t e x t u r e ,
v i t a m i n  c o n t e n t  and  o t h e r  n u t r i e n t s .  S p e c i f i c  c h a n g e s  i n  a
p a r t i c u l a r  food  d e p e n d  upon t i m e  and t e m p e r a t u r e  o f  s t o r a g e .
A s c o r b i c  a c i d  h a s  become a  c r i t e r i o n  o f  q u a l i t y  i n  many c a n n e d  
p r o d u c t s .  The q u a l i t y  c h a n g e s  may i n c l u d e  among o t h e r s ,  t h e
s e n s o r y  q u a l i t y ,  t h e  c o r r o s i o n  o f  c a n s ,  and  t h e  l o s s  o f
n u t r i e n t s .
5 .  N u t r i t i o n  e v a l u a t i o n  o f  c a n n e d  l e n t i l s
LUND ( 1 9 7 5 )  h a s  r e p o r t e d  a  commom m i s c o n c e p t i o n  among c o n s u m e r s  
t h a t  c o m m e r c i a l l y  s t e r i l i s e d  p r o d u c t s  r e m a i n  u n c h a n g e d  d u r i n g  
s t o r a g e ,  b u t  t h i s  i s  n o t  u s u a l l y  t h e  c a s e . To e v a l u a t e  any
p r o c e s s  on n u t r i e n t s ,  t h e  d e t e r m i n a t i o n  o f  n u t r i e n t s  b e f o r e  a n d
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a f t e r  p r o c e s s i n g  m u s t  b e  c a r r i e d  o u t ,  and t h e  r e s u l t s  e x p r e s s e d  
as  a p e r c e n t a g e  c h a n g e  (LUND, 1 9 7 5 ;  MAURON, 1980 ;  THOMPSON,
1 9 8 2 ) .  The amino a c i d  c o m p o s i t i o n  o f  fo o d  p r o t e i n  i s  a 
f u n d a m e n t a l  q u a l i t y  (FORD, 1 9 7 3 ) .  I o n - e x c h a n g e  c h r o m a t o g r a p h y  o f  
an a c i d  h y d r o l y s i s  o f  p r o c e s s e d  p r o t e i n  r e m a i n s  t h e  s t a n d a r d  
m e th o d  t o  d e t e c t  p r o c e s s i n g  damage t o  p r o t e i n s ,  s i n c e  i t  m e a s u r e s  
amino a c i d  l o s s e s  (MAURON, 1 9 8 0 ) .  THOMPSON ( 1 9 8 2 )  h a s  r e p o r t e d  
t h a t  p r o c e s s i n g  can  h a v e  i n d i r e c t  b e n e f i c i a l  e f f e c t s  on t h e  
n u t r i t i o n a l  q u a l i t y  of  f o o d ,  e . g .  by t h e  d e s t r u c t i o n  o f  c e r t a i n  
e n z y m e s .
Aims o f  t h i s  p a r t  o f  t h e  s t u d y
GUERRANT aj^. ( 1 9 4 5 )  h a v e  r e p o r t e d  many c o n d i t i o n s  w h i c h  may 
a f f e c t  t h e  c h e m i c a l  c o m p o s i t i o n  o f  c a n n e d  f o o d s .  T h e s e  i n c l u d e  
t h e  f o o d  v a r i e t y  and  d i f f e r e n t  m e t h o d s  o f  b l a n c h i n g  a n d  
p r o c e s s i n g .  A l t h o u g h  some w o r k e r s  h a v e  r e p o r t e d  t h e  v i t a m i n  
c o n t e n t  o f  c a n n e d  l e g u m e s ,  y e t  t h e y  h a v e  n o t  a l w a y s  r e p o r t e d  t h e  
o r i g i n a l  c o n t e n t  o f  v i t a m i n s  (HALABY e ^  £ l . . ,  1 9 8 1 ) .  SALUNKHE
( 1 9 7 4 )  h a s  r e p o r t e d  t h a t  t h e  i n f l u e n c e  o f  s t o r a g e  o f  c a n n e d  f o o d s  
on t h e  am oun t  and q u a l i t y  o f  p r o t e i n  i n  t e r m s  o f  e s s e n t i a l  am ino 
a c i d s  h a s  r e c e i v e d  l i t t l e  a t t e n t i o n .  I n  t r o p i c a l  c o u n t r i e s ,  
c a n n e d  f o o d s  a r e  u s u a l l y  s t o r e d  a t  h i g h  t e m p e r a t u r e s .
I n  t h e  p r e s e n t  s t u d y ,  i n v e s t i g a t i o n s  i n t o  t h e  e f f e c t s  o f  c a n n i n g  
and s t o r a g e  c o n d i t i o n s ,  i . e .  t e m p e r a t u r e  an d  t i m e ,  on t h e  
c h e m i c a l  c o m p o s i t i o n  ( c a r b o h y d r a t e s ,  p r o t e i n s ,  p r o t e i n  a m i n o  
a c i d s ,  and v i t a m i n  C, t h i a m i n e ,  an d  r i b o f l a v i n )  o f  f o u r  l e n t i l  
v a r i e t i e s  w i l l  b e  c a r r i e d  o u t .  So t h e  theme  f o r  t h i s  p a r t  o f  t h e  
p r e s e n t  s t u d y ,  i s  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  c a n n i n g ,  a n d  o f  
s t o r a g e  o f  c a n n e d  l e n t i l s  a t  25 C an d  a t  35 C f o r  a  p e r i o d  o f  s i x  
m o n t h s  a n d  o f  one  y e a r  on t h e  v a r i o u s  a b o v e - m e n t i o n e d  n u t r i e n t s .  
G e n e r a l l y  s p e a k i n g ,  a l t h o u g h  t h e  r e s u l t s  a f t e r  s i x - m o n t h  s t o r a g e  
a r e  g i v e n  i n  t h e  t a b l e s ,  o n l y  t h o s e  o f  o n e - y e a r  s t o r a g e  w i l l  b e
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d i s c u s s e d  t h o r o u g h l y .
C a n n i n g  o f  l e n t i l  s e e d s
C a n n i n g  o f  l e n t i l  s e e d s  was c a r r i e d  o u t  a c c o r d i n g  t o  LUH an d  
KEAN' s ( 1 9 7 5 )  m e t h o d ,  a t  t h e  Food P r o c e s s i n g  U n i t  o f  t h e  
D e p a r t m e n t  o f  Food T e c h n o l o g y  a t  R e a d i n g  U n i v e r s i t y .
Dry s e e d s  w e r e  s o a k e d  f r o m  b e t w e e n  4 - 6  h ,  an d  t h e  w a t e r  was  t h e n  
d r a i n e d .  S e e d s  w e r e  b l a n c h e d  f o r  5 m in  i n  b o i l i n g  w a t e r ,  d r a i n e d  
and  c o o l e d  w i t h  a s p r a y  o f  w a t e r .  A 4 o z  ( d i m e n s i o n  200 x 2 1 1 ) ,  
t i n - p l a t e ,  l a c q u e r e d  ca n  was  f i l l e d  w i t h  75 g o f  s e e d s ,  40 ml o f  
b r i n e  (NaCl  1.5% an d  c i t r i c  a c i d  0 .05% ) was a d d e d .  The c a n s  w e r e  
e x h a u s t e d  a n d  t h e n  s e a l e d .  The s e a l e d  c a n s  w e r e  h e a t - p r o c e s s e d  i n  
a s t i l l  r e t o r t  a t  1 1 8 . 3  C (245 F ) f o r  30 m i n .  The c a n s  w e r e  
c o o l e d  i n  t h e  r e t o r t  w i t h  w a t e r  t o  50 C, t h e n  d r i e d ,  l a b e l l e d ,  
and  s t o r e d .  The pH of  t h e  f i n a l  p r o d u c t  was  4 . 5 .
P r o c e s s i n g  p a r a m e t e r s  a n d  q u a l i t y  a t t r i b u t e s
P r o c e s s i n g  p a r a m e t e r s  o f  c a n n i n g  i n c l u d e  b l a n c h i n g  t i m e ,  
p r o c e s s i n g  t i m e  an d  t e m p e r a t u r e .  Q u a l i t y  a t t r i b u t e s  m o s t  a f f e c t e d  
by c a n n i n g  a r e  t e x t u r e  a n d  c o l o u r .  T e x t u r e  may b e  d e f i n e d  a s  
f i r m n e s s  o r  s o f t n e s s  o f  t i s s u e s .  P r o c e s s i n g  t e n d s  t o  damage
c e l l s .  The n a t u r e  o f  t h e  c e l l  w a l l  o f  p r o c e s s e d  v e g e t a b l e s  a l s o  
a f f e c t s  t h e  t e x t u r e .  The c e l l  w a l l ,  i t s  s t r u c t u r e  an d  c o m p o s i t i o n  
a p p e a r s  t o  b e  r e s p o n s i b l e  f o r  many d i f f e r e n t  t e x t u r a l  q u a l i t i e s  
o f  v e g e t a b l e s  (HALL, 1 9 8 1 ) .
C a n n i n g  a n d  c o o k i n g  c a u s e  b r e a k d o w n  o f  t h e  p e c t i c  s u b s t a n c e s  o f
t h e  m i d d l e  l a m e l l a  t h a t  l e a d s  t o  t h e  w e a k e n i n g  o f  t h e
i n t e r c e l l u l a r  c e m e n t ,  r e s u l t i n g  i n  t h e  s o f t e n i n g  o f  t h e  t i s s u e s  
w h i c h  o c c u r s  a t  b o t h  low a n d  h i g h  p H s . The p r o c e s s i n g  t i m e  a n d  
t e m p e r a t u r e  f o r  o t h e r  l e g u m e s  a r e  w e l l  e s t a b l i s h e d  (LUH an d
WOODROOF, 1 9 7 5 ) ,  b u t  t h i s  i s  n o t  t h e  c a s e  w i t h  l e n t i l s .  As
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S o a k i n g  d r y  s e e d s  
f o r  4 - 6  h a t  room t e m p e r a t u r e
i
D r a i n  t h e  w a t e r
i
B l a n c h i n g
I
W ash in g  w i t h  c l e a n  s p r a y  w a t e r
i
F i l l i n g
B r i n i n g  (1 .5% NaCl + 0 .25% C i t r i c  a c i d )
i  .
E x h a u s t i n g
i
S e a l i n g
I
H e a t - p r o c è s s i n g  
( r e t o r t  u n d e r  s t e a m  p r e s s u r e  f o r  30 m i n  a t  118 C)
. i
C o o l i n g  t o  50 C
4
D r y i n g ,  l a b e l l i n g  a n d  s t o r i n g  
F i g .  2 0 .  F lo w  d i a g r a m  f o r  c a n n e d  l e n t i l s
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l e n t i l s  a r e  s o f t e r  t h a n  o t h e r  l e g u m e s ,  so i t  i s  i m p o r t a n t  t o  u s e  
t h e  m o s t  s u i t a b l e  p r o c e s s i n g  p a r a m e t e r s .  The f a c t o r  r e s p o n s i b l e  
f o r  damage i n  f o o d s  w i t h  r e s p e c t  to  t e x t u r e  d u r i n g  t h e  
s t e r i l i z a t i o n  s t e p  i s  l e n g t h  o f  t i m e  r a t h e r  t h a n  t e m p e r a t u r e  i n  
low a c i d  f o o d s .  The m o s t  h e a t  r e s i s t a n t  p a t h o g e n  i n  f o o d s  i s  
C l o s t r i d i u m  b o t u l i n u m . Fo o d s  e . g .  l eg u m es  a n d  l e n t i l s  h a v i n g  a pH 
o f  ab o v e  4 . 5  r e q u i r e  t h e r m a l  p r o c e s s i n g  t o  d e s t r o y  t h e s e  
o r g a n i s m s .
The f o l l o w i n g  t i m e - t e m p e r a t u r e  c o m b i n a t i o n s  w e r e  fo u n d  e q u a l l y  
e f f e c t i v e  i n  t h e  d e s t r u c t i o n  o f  Cj_ b o t u l i n u m  i n  low a c i d  m e d i a  
(POTTER, 1 9 7 8 ) :
( a )  330 m in  a t  100 C (212 F)
( b )  10 m in  a t  116 C ( 2 4 0 . 8  F)
(C )  5 . 3  m in  a t  118 C (245 F)
( d )  2 . 7 8  m i n  a t  121 C (2 50  F)
I n  t h e  c a s e  o f  l e n t i l s  i n  o r d e r  t o  p r o d u c e  s e e d s  t h a t  a r e  s o f t  
and  r e a d y  t o  e a t ,  t h e  s e a l e d  c a n s  h a d  t o  b e  h e a t - p r o c e s s e d  a t  245 
F f o r  30 m i n .
To m i n i m i z e  t h e  e f f e c t  o f  c a n n i n g  on t e x t u r e ,  o t h e r  p r o c e s s i n g  
p a r a m e t e r s  may be  s u g g e s t e d .  S o a k i n g  t i m e  may be  r e d u c e d  f r o m  4 - 6  
h to  1 - 2  h ,  an d  t h e  n o r m a l  b l a n c h i n g  t i m e  i n  t h e  r a n g e  1 to  3 
i n s t e a d  o f  5 m i n .
The p r o c e s s i n g  p a r a m e t e r s  u s e d  i n  t h e  p r e s e n t  s t u d y  w e r e  t h o s e  o f  
LUH a n d  KEAN (1 9 7 5 )  who d e s i g n e d  them f o r  b e a n s .
I n  t h e  p r e s e n t  s t u d y ,  t h e  e f f e c t  o f  b l a n c h i n g  on t h e  v a r i o u s  
n u t r i e n t s  was  n o t  s t u d i e d  s e p a r a t e l y  a s  i t  was  c o n s i d e r e d  p a r t  of  
t h e  c a n n i n g  p r o c e s s .  F o r  t h e  p u r p o s e  o f  t h i s  w o r k ,  b l a n c h i n g  
f o l l o w e d  by c a n n i n g  w i l l  b e  r e f e r r e d  t o  s i m p l y  a s  c a n n i n g .
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RESULTS AND DISCUSSION
E f f e c t  o f  c a n n i n g , an d  s t o r a g e  on t o t a l  a v a i l a b l e  c a r b o h y d r a t e s , 
s t a r c h e s  an d  d e x t r i n s , a n d  e t h a n o l - s o l u b l e  s u g a r s
1 .  E f f e c t  o f  c a n n i n g
T a b l e  45 shows t h a t  c a n n i n g  h a s  d e c r e a s e d  t h e  t o t a l  a v a i l a b l e  
c a r b o h y d r a t e s ,  s t a r c h e s  an d  d e x t r i n s ,  and e t h a n o l - s o l u b l e  s u g a r s  
of  a l l  f o u r  v a r i e t i e s  t e s t e d .
I n  AMR, a s  a r e s u l t  o f  c a n n i n g ,  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s ,  
s t a r c h e s ,  and s o l u b l e  s u g a r s  d e c r e a s e d  f r o m  5 1 . 1 1  to  4 5 . 9 2  ( R e t n  
89% ),  f rom  4 8 . 6 2  to  4 3 . 8 9  ( R e t n  90 %),  and  f r o m  2 . 4 9  t o  2 . 0 3 g / 1 0 0 g  
(82%) r e s p e c t i v e l y .  I n  LAG, t h e s e  compounds  d e c r e a s e d  f r o m  4 9 . 2 3  
to  4 6 . 4 8  ( R e t n  94%),  f rom  4 6 . 2 6  to  4 4 . 2 3  ( R e t n  95%),  and  f r o m  
2 . 9 7  t o  2 . 2 5 g / 1 0 0 g  ( R e t n  76%) r e s p e c t i v e l y .  I n  JOR, t h e y  a l s o  
d e c r e a s e d  f r o m  4 7 . 1 4  t o  4 3 . 5 0  ( R e t n  92 %),  f r om  4 3 . 8 3  to  4 0 . 9 5  
( R e t n  93%),  an d  f r o m  3 . 2 6  to  2 . 5 5 g / 1 0 0 g  ( R e t n  78%) r e s p e c t i v e l y ,  
w h i l e  i n  SML, t h e y  d e c r e a s e d  f r o m  4 6 . 8 1  to  4 1 . 8 2  ( R e t n  89% ) ,  f rom 
4 4 . 2 5  to  3 9 . 7 1  ( R e t n  89%) ,  an d  f r o m  2 . 5 6  t o  2 . 1 5 g / 1 0 0 g  ( R e t n  
84%) .
2 .  E f f e c t  o f  s t o r a g e
I n  t h e  p r e s e n t  s t u d y ,  t h e  e f f e c t  o f  one  y e a r  s t o r a g e  f o r  12 
m o n t h s  a t  25 C an d  a t  35 C on t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  was  
so  s i m i l a r  t h a t  o n l y  t h e  r e s u l t s  o f  s t o r a g e  a t  25 C w i l l  be  
d i s c u s s e d .
I n  AMR a f t e r  s t o r a g e  f o r  12 m o n t h s  a t  25 C, t o t a l  a v a i l a b l e  
c a r b o h y d r a t e s ,  s t a r c h e s ,  an d  s o l u b l e  s u g a r s  d e c r e a s e d  f ro m  5 1 . 1 1  
t o  4 0 . 5 4  ( R e t n  79%),  f r om  4 8 . 6 2  t o  3 9 . 0 3  ( R e t n  82% ) ,  and f r o m  
2 . 4 9  t o  1 . 5 1 g / 1 0 0 g  ( R e t n  61%) r e s p e c t i v e l y .  I n  LAG, t h e y  a l s o  
d e c r e a s e d  f r o m  4 9 . 2 3  t o  4 1 . 0 8  ( R e t n  83%) ,  f rom 4 6 . 2 6  to  3 9 . 4 1  
( R e t n  85% ) ,  an d  f r o m  2 . 9 7  t o  1 . 6 7 g / 1 0 0 g  ( R e t n  56%) r e s p e c t i v e l y .  
I n  JOR, t h e y  d e c r e a s e d  f r o m  4 7 . 1 4  t o  3 9 . 7 0  ( R e t n  84 %),  f rom 4 3 . 8 8
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t o  3 7 . 9 1  ( R e t n  86% ),  an d  f r o m  3 . 2 6  t o  1 . 8 0 g / 1 0 0 g  ( R e t n  55%) 
r e s p e c t i v e l y .  I n  SML, t h e y  d e c r e a s e d  t o  3 8 . 0 8 ,  3 6 . 6 9 ,  and
1 . 3 9 g / 1 0 0 g  r e s p e c t i v e l y ,  w h ic h  c o r r e s p o n d s  to  r e t e n t i o n  v a l u e s  o f  
81%, 83%, and 54% r e s p e c t i v e l y .
MEYER ( 1 9 7 8 )  h a s  r e p o r t e d  t h a t  h y d r o l y s i s  o f  s t a r c h e s  o c c u r s  
d u r i n g  p r o c e s s i n g ,  an d  t h i s  i s  a l s o  w h a t  h a s  o b v i o u s l y  t a k e n  
p l a c e  i n  t h e  p r e s e n t  s t u d y .
E f f e c t  o f  c a n n i n g ,  a n d  s t o r a g e  on m o n o - ,  d i - , an d  o l i g o ­
s a c c h a r i d e s  o f  l e n t i l s
INTRODUCTION
When f o o d s  a r e  h e a t e d  o r  p r o c e s s e d ,  s e v e r a l  r e a c t i o n s  t a k e  p l a c e .  
The m o s t  common r e a c t i o n  i n  f o o d  p r o c e s s i n g  i s  t h e  M a i l l a r d  
r e a c t i o n  o r  n o n - e n z y m i c  b r o w n i n g  w h i c h  o c c u r s  b e t w e e n  p r o t e i n s ,  
am ino  a c i d s ,  an d  a m i n e s  w i t h  c a r b o n y l  c o m p o u n d s ,  p a r t i c u l a r l y  
r e d u c i n g  s u g a r s  ( F i g .  2 4 ) .  The n o n - r e d u c i n g  d i s a c c h a r i d e  s u c r o s e  
w i l l  o n l y  i n d u c e  b r o w n i n g  a f t e r  i t  h a s  b e e n  i n v e r t e d  t o  g l u c o s e  
and f r u c t o s e  (ADRIAN, 1 9 8 2 ) .
RESULTS AND DISCUSSION
1 .  E f f e c t  o f  c a n n i n g  on i n d i v i d u a l  s u g a r s
The s u g a r s  p r e s e n t  i n  c a n n e d  l e n t i l s  w e r e  s u c r o s e ,  r a f f i n o s e ,  and  
s t a c h y o s e  w h i c h  a l l  d e c r e a s e d  i m m e d i a t e l y  a f t e r  c a n n i n g  ( t a b l e  
4 6 ,  f i g .  2 1 ) .  As a  r e s u l t  o f  c a n n i n g ,  s u c r o s e  d e c r e a s e d  f r o m  0 . 6 3  
t o  0 . 5 4 g / 1 0 0 g  ( R e t n  85%) i n  AMR, f rom  1 . 2 9  t o  1 . 0 0  ( R e t n  79%) i n  
LAG, f rom 1 . 1 8  t o  0 . 9 4 g / 1 0 0 g  ( R e t n  8 0% ) ,  an d  f r o m  0 . 9 7  t o  
0 . 8 8 g / 1 0 0 g  ( R e t n  90%) i n  SML.
A l s o  a s  a  r e s u l t  o f  c a n n i n g ,  r a f f i n o s e  d e c r e a s e d  f r o m  0 . 2 6  to  
0 . 1 9  ( R e t n  69%) i n  AMR, f rom  0 . 1 9  t o  0 . 1 5  ( R e t n  78%) i n  LAG, f rom
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0 . 1 5  t o  0 . 1 0  ( R e t n  61%) i n  JOR, and f r o m  0 . 2 8  t o  0 . 2 1 g / 1 0 0 g  ( R e t n  
75%) i n  SML.
S t a c h y o s e  d e c r e a s e d  f r o m  1 . 4 5  to  1 . 3 0  ( R e t n  90%) i n  AMR, f rom 
1 . 3 8  t o  l . l O g / l O O g  ( R e t n  80%) i n  LAG, f rom 1 . 8 3  t o  1 . 6 1  ( R e t n  
88%) i n  JOR, and f r o m  1 . 1 4  t o  1 . 0 6 g / 1 0 0 g  ( R e t n  93%) i n  SML.
2 .  E f f e c t  o f  s t o r a g e  on i n d i v i d u a l  s u g a r s
T a b l e s  46 an d  4 7 ,  and f i g .  21 show t h a t  t h e r e  was  a n  i n c r e a s e  i n  
t h e  m o n o s a c c h a r i d e s ,  f r u c t o s e  an d  g l u c o s e ,  w h i l e  t h e r e  was a 
d e c r e a s e  i n  s u c r o s e ,  i n  r a f f i n o s e  and s t a c h y o s e  d u r i n g  s t o r a g e  
f o r  12 m o n t h s  b o t h  a t  25 an d  a t  35 C. The r e t e n t i o n  o f  f r u c t o s e  
and o f  g l u c o s e  was  c a l c u l a t e d  com p ar ed  t o  t h e i r  f i r s t  a p p e a r a n c e  
a f t e r  6 m o n t h s  s t o r a g e .  As a r e s u l t  of  s t o r a g e  f o r  12 m o n t h s  a t  
25 C, f r u c t o s e  i n c r e a s e d  f r o m  0 . 1 1  to  0 . 1 7  ( R e t n  154%) ,  g l u c o s e  
i n c r e a s e d  f r o m  0 . 0 9  t o  0 . 1 3  ( R e t n  140%),  w h i l e  s u c r o s e ,  
r a f f i n o s e ,  and s t a c h y o s e  d e c r e a s e d  f r o m  0 . 6 3  t o  0 . 2 5  ( R e t n  4 0% ) ,  
f rom 0 . 2 6  to  0 . 1 0  ( R e t n  4 1% ) ,  an d  f r o m  1 . 4 5  t o  0 . 8 6 g / 1 0 0 g  
r e s p e c t i v e l y  i n  AMR. I n  LAG, f r u c t o s e  a n d  g l u c o s e  i n c r e a s e d  f r o m  
0 . 1 3  t o  0 . 2 1  ( R e t n  160%) ,  an d  f ro m  0 . 1 0  t o  0 . 1 5  ( R e t n  135%) 
r e s p e c t i v e l y ,  w h i l e  s u c r o s e ,  r a f f i n o s e ,  and s t a c h y o s e  d e c r e a s e d  
f rom 1 . 2 9  to  0 . 5 0  ( R e t n  39%),  f rom 0 . 1 9  t o  0 . 0 6  ( R e t n  31%),  and 
f rom 1 . 3 8  t o  0 . 7 5 g / 1 0 0 g  ( R e t n  55%) r e s p e c t i v e l y .  I n  JOR, f r u c t o s e  
an d  g l u c o s e  i n c r e a s e d  f r o m  0 . 1 2  t o  0 . 2 0  ( R e t n  165% ) ,  an d  f r o m  
0 . 0 7  t o  O . l l g / l O O g  ( R e t n  150%) r e s p e c t i v e l y ,  w h i l e  s u c r o s e ,  
r a f f i n o s e ,  an d  s t a c h y o s e  d e c r e a s e d  f r o m  1 . 1 8  t o  0 . 4 0  ( R e t n  33%),  
f rom  0 . 1 8  t o  t r a c e  a m o u n t s ,  an d  f r o m  1 . 8 3  t o  1 . 0 9 g / 1 0 0 g  ( R e t n  
60%) r e s p e c t i v e l y .  I n  SML, f r u c t o s e ,  and g l u c o s e  i n c r e a s e d  f r o m  
0 . 0 8  t o  0 . 1 4  ( R e t n  175%) ,  and f r o m  0 . 0 6  to  O . l O g / l O O g  ( R e t n  158%) 
r e s p e c t i v e l y ,  w h i l e  s u c r o s e ,  r a f f i n o s e ,  and s t a c h y o s e  d e c r e a s e d  
f rom 0 . 9 7  t o  0 . 3 6  ( R e t n  37 %),  f rom 0 . 2 8  t o  0 . 1 2  ( R e t n  42%) and 
f rom 1 . 1 4  t o  0 . 6 7 g / 1 0 0 g  ( R e t n  59%) r e s p e c t i v e l y .
At  35 C, t h e  c o n t e n t s  o f  f r u c t o s e ,  g l u c o s e ,  s u c r o s e ,  r a f f i n o s e ,  
and s t a c h y o s e  o f  AMR w e r e  f o u n d  t o  b e  0 . 2 4 ,  0 . 1 8 ,  0 . 1 9 ,  0 . 0 7 ,  and
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0 . 6 5 g / 1 0 0 g  r e s p e c t i v e l y .  T h e s e  r e s u l t s  c o r r e s p o n d  t o  r e t e n t i o n  
v a l u e s  o f  166%, 152%, 30%, 27%, and 45% r e s p e c t i v e l y .  I n  LAG, 
t h e y  w e r e  fo u n d  t o  b e  0 . 2 5 ,  0 . 1 9 ,  0 . 2 7 ,  t r a c e s ,  and  0 . 5 7 g / 1 0 0 g ,  
c o r r e s p o n d i n g  t o  r e t e n t i o n  v a l u e s  o f  175%, 147%, 25%, n i l ,  and
42% r e s p e c t i v e l y .  I n  JOR, t h e y  w e re  fo u n d  t o  b e  0 . 2 8 ,  0 . 1 6 ,  0 . 3 0 ,  
t r a c e s ,  and 0 . 8 8 g / 1 0 0 g ,  c o r r e s p o n d i n g  t o  r e t e n t i o n  v a l u e s  o f  
170%, 158%, 2 7 ,  n i l ,  an d  48% r e s p e c t i v e l y .  I n  SML, t h e y  w e r e
0 . 1 8 ,  0 . 1 4 ,  0 . 2 4 , 0 . 0 6 ,  and 0 . 5 2 g / 1 0 0 g ,  c o r r e s p o n d i n g  t o  r e t e n t i o n  
v a l u e s  o f  186%, 170%, 26%, 21%, an d  46% r e s p e c t i v e l y .
The i n c r e a s e  i n  g l u c o s e ,  and i n  f r u c t o s e  due to  t i m e  and  
t e m p e r a t u r e  o f  s t o r a g e  a g r e e s  w i t h  t h e  r e s u l t s  o f  DALAL and 
SALUNKHE ( 1 9 6 8 )  who h a v e  shown a n  i n c r e a s e  o f  t h e s e  s u g a r s  i n  
c a n n e d  a p r i c o t s ,  i n  c a n n e d  c h e r r i e s ,  an d  a l s o  as  d i d  MANII ( 1 9 8 4 )  
i n  c a n n e d  o r a n g e  j u i c e .  T h e s e  r e s u l t s  may b e  e x p l a i n e d  i n  t h a t  
s u c r o s e  i s  h y d r o l y s e d  i n t o  i t s  monomers  u n d e r  t h e s e  s t o r a g e  
c o n d i t i o n s ,  h e n c e  an  i n c r e a s e  i n  g l u c o s e  and  i n  f r u c t o s e .
E f f e c t  o f  c a n n i n g  an d  s t o r a g e  on t o t a l  l i p i d s , a n d  on c r u d e  f i b r e
HURRELL ( 1 9 8 0 )  h a s  r e p o r t e d  t h a t  t h e r e  a r e  t h r e e  m a j o r  t y p e s  o f  
r e a c t i o n s  o c c u r r i n g  i n  h e a t e d  l i p i d s  :
1 )  h y d r o l y s i s  r e s u l t s  i n  t h e  f o r m a t i o n  o f  f r e e  f a t t y  a c i d s ,
2 )  p o l y m e r i s a t i o n  t a k e s  p l a c e  d u e  t o  c r o s s  l i n k  f o r m a t i o n  e i t h e r  
v i a  t h e  o x i d a t i o n  p r o d u c t s ,  o r  w i t h  f u r t h e r  h e a t i n g  i n  t h e  
a b s e n c e  o f  o x y g e n ,  v i a  c a r b o n - c a r b o n  b o n d s ,  and
3 )  o x i d a t i o n  w h i c h  l e a d s  t o  t h e  f o r m a t i o n  o f  h y d r o p e r o x i d e s ,  an d  
t h e n  on f u r t h e r  h e a t i n g  t o  s e c o n d a r y  o x i d a t i o n  p r o d u c t s  su ch  as  
k e t o  a c i d s .
H e a t i n g  may c a u s e  c r o s s - l i n k i n g  t o  form new c a r b o n - c a r b o n  b o n d s  
b e t w e e n  two g l y c e r i d e  m o l e c u l e s ,  p a r t i c u l a r l y  i n  t h e  a b s e n c e  o f
2 U
o x y g e n .  New b o n d s  b e t w e e n  two d i f f e r e n t  f a t t y  a c i d s  l e a d  t o  t h e  
f o r m a t i o n  o f  d i m e r i c  a c i d s  e i t h e r  w i t h i n  o n e  t r i g l y c e r i d e  
m o l e c u l e  o r  b e t w e e n  two m o l e c u l e s ,  and t h i s  r e a c t i o n  i s  t h e  f i r s t  
s t e p  i n  t h e  p o l y m e r i z a t i o n  o f  l i p i d s  (MORTON, 1 9 7 7 ) .
The m i x t u r e  o f  r e a c t i o n  p r o d u c t s  o b t a i n e d  d u r i n g  a n a e r o b i c  h e a t  
t r e a t m e n t  i s  l e s s  co m p lex  t h a n  t h a t  o b t a i n e d  u n d e r  a e r o b i c  
c o n d i t i o n s ;  t h e  p r o d u c t s  fo rm e d  w i l l  v a r y  w i t h  t h e  d e g r e e  o f  
u n s a t u r a t i o n  o f  t h e  f a t t y  a c i d s .  P o l y m e r i z a t i o n  by c a r b o n - c a r b o n  
f o r m a t i o n  h a s  b e e n  n o t e d  a t  100 C o r  a t  h i g h e r  t e m p e r a t u r e s  
(WITTING 2 Ë  A l ' * 1 9 7 9 ) .  O x i d a t i v e  compounds  su ch  as  p e r o x i d e s  a n d  
f r e e  r a d i c a l s  may o c c u r  a s  a r e s u l t  o f  n o n - e n z y m i c  b r o w n i n g  
(CHEFTEL, 1 9 7 9 ) .
The f r e e  r a d i c a l s  ca n  i n t e r a c t  w i t h  v i t a m i n s ,  and 
p r o t e i n s  t o  g i v e  a v a r i e t y  of  d i f f e r e n t  p r o d u c t s  a n d  t o  
i n a c t i v a t e  n u t r i e n t s  by means  o f  t h e  o x i d a t i o n  o f  v i t a m i n s  a n d  
amino  a c i d s  (MAURON, 1 9 7 7 ) .  H y d r o p e r o x i d e s  f o r m e d  f r o m  
u n s a t u r a t e d  f a t  may b e  b r o k e n  down t o  a c i d s ,  a l c o h o l s ,  and 
k e t o n e s  w h i c h  i n  t u r n  r e a c t  w i t h  v a r i o u s  g r o u p i n g s  i n  p r o t e i n s  
(BENDER, 1 9 7 8 ) ,  t h u s  c a u s i n g  a l o s s  i n  p r o t e i n .
RESULTS a n d  DISCUSSIONS
1 . E f f e c t  on t o t a l  l i p i d s
I n  t h i s  p a r t  o f  t h e  p r e s e n t  s t u d y ,  t h e  e f f e c t s  o f  one y e a r  s t o r a g e  
a t  25 an d  35 C on t o t a l  l i p i d s  a n d  c r u d e  f i b r e s  w e r e  so s i m i l a r  
t h a t  o n l y  t h e  r e s u l t s  o f  s t o r a g e  a t  25 C a r e  d i s c u ^ e d .
C a n n i n g  d e c r e a s e s  t h e  t o t a l  l i p i d s  o f  a l l  f o u r  v a r i e t i e s  t e s t e d  
( t a b l e  4 8 ,  f i g . 22 ) .
A f t e r  c a n n i n g ,  t o t a l  l i p i d s  o f  AMR, LAG, JOR an d  SML w e r e  0 . 7 9 ,
0 . 7 0 ,  1 . 0 5  an d  0 . 9 0  g / l O O g ,  an d  r e t e n t i o n s  w e r e  6 8 ,  7 5 ,  83 a n d  
76% r e s p e c t i v e l y .
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Fig. 22: Effect of canning and one year storage at 25°C
on percentage of total lipids of four lentil 
varieties.
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A f t e r  s t o r a g e  f o r  12 m o n t h s  a t  25 C, t o t a l  l i p i d s  i n  AMR, LAG, 
JOR and SML w e re  0 . 5 9 ,  0 . 5 0 ,  0 . 7 9  a n d  0 . 6 8  g / lO O g  r e s p e c t i v e l y .  
T h e s e  r e s u l t s  c o r r e s p o n d  t o  r e t e n t i o n  o f  5 2 ,  5 1 ,  60 a n d  57%
r e s p e c t i v e l y .
2 . E f f e c t  on c r u d e  f i b r e
C a n n i n g  i n c r e a s e d  t h e  c r u d e  f i b r e  c o n t e n t  o f  a l l  f o u r  v a r i e t i e s  
u n d e r  i n v e s t i g a t i o n  ( t a b l e  4 8 ,  f i g .  23 ) .
The c r u d e  f i b r e f o f  AMR, LAG, JOR and SML a f t e r  c a n n i n g  w e r e  4 . 7 5 ,  
4 . 0 ,  5 . 0  a n d  5 . 2 0  g / lO O g  r e s p e c t i v e l y .  T h e s e  r e s u l t s  c o r r e s p o n d  
t o  r e t e n t i o n s  o f  1 1 5 ,  1 0 9 ,  112 a n d  107% co m pared  t o  d r y  s e e d s .
A f t e r  one  y e a r  s t o r a g e  a t  25 C c r u d e  f i b r e  i n  AMR, LAG, JOR and 
SML w e r e  fo u n d  t o  b e  5 . 6 9 ,  4 . 6 6 ,  5 . 9 7  an d  5 . 8 0  g / l O O g .  T h e s e
r e s u l t s  c o r r e s p o n d  t o  r e  t e n t i o n s  o f  1 4 0 ,  1 2 6 ,  132 a n d  119%
r e s p e c t i v e l y .
E f f e c t  o f  c a n n i n g  a n d  s t o r a g e  on p r o t e i n s
The e s s e n t i a l  b u i l d i n g  b l o c k s  f o r  p r o t e i n  a r e  t h e  amino a c i d s ,  
an d  a l l  am ino  a c i d s  p o s s e s s  b o t h  an am in o  an d  c a r b o x y l i c  g r o u p .  
The a l p h a  amino  a c i d s  d i f f e r  i n  t h e  n a t u r e  o f  t h e  s i d e - c h a i n  
a t t a c h e d  t o  a  c e n t r a l  c a r b o n  a t o m  (LEDWARD, 1 9 7 9 ) .  P r o t e i n s  may 
e x i s t  i n  a nu m ber  o f  fo r m s  e . g .  p r i m a r y ,  s e c o n d a r y  and t e r t i a r y  
c o n f i g u r a t i o n s .  Food p r o c e s s i n g  may h a v e  an e f f e c t  on i n d i v i d u a l  
am ino a c i d  components ,  w h i c h  i n  t u r n  may l e a d  t o  an a l t e r a t i o n  i n  
t h e  s t r u c t u r e  o f  t h e  p r o t e i n  m o l e c u l e s .
I n  b r o a d  t e r m s ,  o n l y  two k i n d s  o f  l i n k s  o c c u r  b e t w e e n  p r o t e i n  
m o l e c u l e s  :
1 )  c o v a l e n t  l i n k ,  o f  w h i c h  t h e  o n l y  p r o b a b l e  k i n d  i s  t h e  d i s u l ­
p h i d e ,  and
218
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Fig. 23: Effect of canning and one year's storage at 25°C
on percentage retention of crude fibre of four 
lentil varieties.
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2 )  n o n - c o v a l e n t  l i n k  i n v o l v i n g  e l e c t r o s t a t i c ,  h y d r o g e n  bond a n d  
h y d r o p h o b i c  i n t e r a c t i o n s .
H e a t i n g  p r o t e i n  f o o d s  b r i n g s  a b o u t  c o n f o r m a t i o n a l  c h a n g e s ,  w h ic h  
a l t e r  t h e  way i n  w h i c h  p r o t e i n - p r o t e i n  i n t e r a c t i o n s  o c c u r  (TOMBS, 
1 9 7 0 ) .
Two a p p a r e n t l y  c o n t r a d i c t o r y  c o n c l u s i o n s  ca n  be d ra w n  f r o m  t h e  
e v i d e n c e  i n  t h e  l i t e r a t u r e ,  nam e ly  , t h a t  e x c e p t  i n  s p e c i a l  
c i r c u m s t a n c e s  m o s t  p r o c e s s e s  h a v e  l i t t l e  e f f e c t  on p r o t e i n
q u a l i t y  and on  t h e  o t h e r  h a n d ,  p r o t e i n s  can be r e a d i l y  dam ag ed
ev en  u n d e r  m i l d  c o n d i t i o n s  (BENDER, 1 9 7 8 ) .
CHEFTEL ( 1 9 7 9 )  h a s  r e p o r t e d  t h a t  h e a t  and o t h e r  f a c t o r s  o f  fo o d  
p r o c e s s i n g  a n d  s t o r a g e  a l s o  a f f e c t  p r o t e i n  c o n f i g u r a t i o n .  Such  
m o d i f i c a t i o n s  o f  t h e  s e c o n d a r y ,  t e r t i a r y  an d  q u a t e r n a r y  s t r u c ­
t u r e s  o f  p r o t e i n s  may be  o f  g r e a t  i m p o r t a n c e .
From t h e  n u t r i t i o n a l  s t a n d p o i n t  " d é n a t u r a t i o n "  o f  f o o d  p r o t e i n s  
by h e a t  i s  o f  l i t t l e  c o n c e r n ,  b u t  can  i m p r o v e  d i g e s t i b i l i t y  i n  
some c a s e s .  The u n f o l d e d  p r o t e i n  i s  f r e q u e n t l y  more  e a s i l y  
d i g e s t e d  by p r o t e o l y t i c  enzyme s t h a n  t h e  n a t i v e  p r o t e i n  
s t r u c t u r e .  I n  some c a s e s ,  h e a t i n g  o f  p r o t e i n - c o n t a i n i n g  f o o d s  i s
b e n e f i c i a l  f o r  t h e  s a f e t y  o f  f o o d s .  T h i s  i s  e s p e c i a l l y  s o  w i t h
many v e g e t a b l e s  ( e . g . p u l s e s  a n d  o i l s e e d s )  w h i c h  c o n t a i n  h e a t -  
l a b i l e  f a c t o r s  su ch  a s  t r y p s i n  i n h i b i t o r s .
From t h e  s t a n d p o i n t  o f  t h e  n u t r i t i v e  v a l u e  o f  p r o t e i n s ,  o n l y  t h e  
c h e m i c a l  m o d i f i c a t i o n s  b r o u g h t  a b o u t  b y  p r o c e s s i n g  a n d  s t o r a g e  
may h a v e  d e t r i m e n t a l  e f f e c t s .
I n  h e a t  t r e a t m e n t ,  i n t e r a c t i o n s  b e t w e e n  p r o t e i n  a n d  t h e  p r o d u c t s  
o f  l i p i d  o x i d a t i o n  t a k e  p l a c e .  The m e c h a n i s m  o f  i n t e r a c t i o n  
i n v o l v e s  p r o p a g a t i o n  o f  t h e  f r e e  r a d i c a l  c h a i n  t o  t h e  p r o t e i n  
s y s t e m .  V a r i o u s  g r o u p s  i n  t h e  p r o t e i n  m o l e c u l e  a r e  c a p a b l e  o f  
c o n v e r t i n g  t o  f r e e  r a d i c a l  by  l o s i n g  o n e  h y d r o g e n  a t o m  t o  a f r e e  
r a d i c a l  o f  l i p i d  o r i g i n .
2  2 0
P r o c e s s i n g ,  o r  ev e n  l e n g t h y  s t o r a g e ,  may o x i d i z e  v a r i o u s  fo o d  
c o m p o n e n t s ,  i n c l u d i n g  t h e  amino  a c i d  r e s i d u e s  o f  p r o t e i n s .  The 
d e t r i m e n t a l  e f f e c t s  o f  i n c r e a s i n g  t h e  h e a t  t r e a t m e n t  o f  c o t t o n  
s e e d  p r o t e i n  m e a l s  a r e  due  to  t h e  p r e s e n c e  o f  some 
o l i g o s a c c h a r i d e s  s u c h  as  r a f f i n o s e  and t h e  r e a c t i o n  o f  t h e s e  
compounds  w i t h  l y s i n e  r e s i d u e s  (CHEFTEL, 1 9 7 9 ) .  I n  a d d i t i o n  t o  
r e d u c i n g  c a r b o h y d r a t e s  a n d  c a r b o n y l  compounds  r e s u l t i n g  f r o m  
Mai H a r d - t y p e  r e a c t i o n s  o r  l i p i d  o x i d a t i o n ,  a n um ber  o f  a l d e h y d e s  
may f i n d  t h e m s e l v e s  i n  c o n t a c t  w i t h  p r o t e i n s  d u r i n g  p r o c e s s i n g  o r  
s t o r a g e .  F o u r  d i s t i n c t  t y p e s  o f  p r o c e s s i n g  damage to  p r o t e i n s  
(MAURON, 1 9 7 7 )  a r e  l i s t e d  b e lo w :
1 .  M i l d  r e a c t i o n s ;  t h e  f i r s t  t y p e  o c c u r s  u n d e r  m i l d  h e a t i n g
c o n d i t i o n s  w i t h  c a r b o n y l  g r o u p s  t a k i n g  p a r t  i n  e a r l y  M a i l l a r d  
r e a c t i o n s  ( f i g .  2 4 a ) .
2 .  S e v e r e  c o n d i t i o n s ;  t h e  s e c o n d  t y p e  o c c u r s  u n d e r  m o r e  s e v e r e  
h e a t i n g  c o n d i t i o n s  e i t h e r  i n  t h e  a b s e n c e  o r  p r e s e n c e  o f  s u g a r s  
e . g .  r e d u c i n g  o r  n o n - r e d u c i n g  ( l a t e  M a i l l a r d  r e a c t i o n s )  ( f i g .
2 4 0 .
3 .  A l k a l i  t r e a t m e n t ;  t h e  t h i r d  t y p e  i s  p r o m i n e n t  when p r o t e i n  i s  
e x p o s e d  t o  a l k a l i  t r e a t m e n t .  D i f f e r e n t  p r o t e i n s  r e s p o n d
d i f f e r e n t l y  t o  a l k a l i  t r e a t m e n t  d e p e n d i n g  on t h e  number  an d
r e l a t i v e  p o s i t i o n  o f  t h e  v a r i o u s  r e a c t i v e  g r o u p s  w i t h i n  t h e
p r o t e i n  (BENDER, 1 9 7 8 ) .
4 .  O x i d a t i o n ;  t h e  f o u r t h  t y p e  c o m p r i s e s  s e v e r a l  o x i d a t i o n  
r e a c t i o n s  e . g .  l i p i d  o x i d a t i o n  p r o d u c t s  l i k e  h y d r o p e r o x i d e s  a n d  
f r e e  r a d i c a l s  a r e  i n v o l v e d .
The m a i n  s t e p s  o f  M a i l l a r d  a s  p o i n t e d  o u t  b y  CHEFTEL ( 1 9 7 9 )  ( f i g ,  
241  ^ a r e  s u m m a r i s e d  b e lo w :
i )  t h e  f i r s t  s t e p  i n v o l v e s  t h e  c o n d e n s a t i o n  r e a c t i o n s  b e t w e e n  t h e
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c a r b o n y l  g r o u p  o f  t h e  r e d u c i n g  s u g a r  a n d  t h e  am ino g r o u p  o f  an 
am ino a c i d  t o  fo rm  a S c h i f f s  b a s e ,
i i ) t h i s  i s  c o n v e r t e d  i n t o  t h e  N - s u b s t i t u t e d  a l d o s y l a m i n e  
( g l y c o s y l a m i n e ) .
i i i )  an d  t h i s  i s  i m m e d i a t e l y  c o n v e r t e d  t o  t h e  N s u b s t i t u t e d  1 -  
a m i n o - l - d e o x y - 2 - k e t o s e  (Amador i  p r o d u c t ) .
HURRELL an d  CARPENTER ( 1 9 7 7 )  h a v e  r e p o r t e d  t h a t  among 
c a r b o h y d r a t e s  o n l y  r e d u c i n g  s u g a r s  can t a k e  p l a c e  i n  t h e  
r e a c t i o n s ,  an d  t h e  r e a c t i v i t y  o f  g l u c o s e  i s  much h i g h e r  t h a n  t h a t  
o f  f r u c t o s e .
I n  t h e  l a t e r  s t a g e s  o f  t h e  M a i l l a r d  r e a c t i o n ,  amino a c i d s  ca n  be 
d e g r a d e d  d i r e c t l y  by  r e a c t i o n s  w i t h  o t h e r  c a r b o n y l  compounds  
w h i c h  a r e  fo rm ed  d u r i n g  t h e s e  r e a c t i o n s .
A nu m ber  o f  i n v e s t i g a t o r s  h a v e  d i s c u s s e d  t h e  e f f e c t s  o f  
p r o c e s s i n g  ( h e a t )  on p r o t e i n s  (TOMBS, 1979 ;  HURRELL, 1 9 8 0 ) .
I n  t h e  p r e s e n t  s t u d y ,  e f f e c t  o f  c a n n i n g ,  and s t o r a g e  f o r  t w e l v e  
m o n t h s  on t h e  p r o t e i n s  o f  l e n t i l s  w i l l  b e  i n v e s t i g a t e d .
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RESULTS AND DISCUSSION
1 . E f f e c t  o f  c a n n i n g
T a b l e  4 9 ,  f i g .  25 shows t h a t  c a n n i n g  h a s  d e c r e a s e d  s l i g h t l y  t h e  
p r o t e i n s  o f  t h e  f o u r  l e n t i l  v a r i e t i e s  u n d e r  s t u d y .
As a r e s u l t  o f  c a n n i n g ,  p r o t e i n s  i n  AMR, LAG, JOR and SML 
d e c r e a s e d  f r o m  2 4 . 1 4  t o  2 2 . 2 3  g / lO O g  ( R e t n  92% ) ,  from 2 6 . 4 3  to  
2 3 . 6 2  ( R e t n  89% ) ,  f rom 2 5 . 3 5  to  2 3 . 0 7  ( R e t n  91% ) and f ro m  2 7 . 5 7  
t o  2 5 . 2 1  ( R e t n  90% ) r e s p e c t i v e l y .
2 .  E f f e c t  o f  s t o r a g e
S t o r a g e  o f  c a n n e d  l e n t i l s  r e s u l t e d  i n  a s m a l l  c h a n g e  i n  p r o t e i n  
( t a b l e s  49 an d  50 f i g .  25 ) .
A f t e r  t w e l v e  m o n t h  s t o r a g e  a t  25 C, p r o t e i n s  i n  AMR, LAG, JOR, 
and  SML d e c r e a s e d  f r o m  2 4 . 1 4  t o  2 0 . 0  ( R e t n  83% ) ,  f rom 2 6 . 4 3  to  
2 1 . 8 0  ( R e t n  82% ) ,  f r om 2 5 . 3 5  to  1 9 . 8 9  ( R e t n  79%) and f r o m  2 7 . 5 7  
to  2 2 . 6 1  g / lO O g  ( R e t n  82% ) r e s p e c t i v e l y  ( t a b l e  49 ) .  A l s o  a f t e r  
12 m o n t h  s t o r a g e  a t  35 C p r o t e i n s  i n  AMR, LAG, JOR an d  SML 
d e c r e a s e d  f r o m  2 4 . 1 4  t o  1 8 . 9 0  ( R e t n  78% ) ,  2 6 . 4 3  t o  2 1 . 1 0  ( R e t n
80% ) ,  frcxn 2 5 . 3 5  to  1 8 . 7 2  ( R e t n  74% ) an d  f r o m  27 .57 t o  2 1 . 1 8
g / l O O g  ( R e t n  77% ) r e s p e c t i v e l y  ( t a b l e  5 0 ) .
T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  of MEHROTRA ( 1 9 8 3 )  who 
h a s  r e p o r t e d  a  d e c r e a s e  i n  t h e  p r o t e i n  o f  c a n n e d  c h i c k p e a s  a n d  
t h o s e  o f  GANGAL an d  MAGAR ( 1 9 6 7 )  who h a v e  shown a d e c r e a s e  i n  
c a n n e d  m e a t .
E f f e c t  o f  c a n n i n g  an d  s t o r a g e  on t h e  p r o t e i n  am in o  a c i d s
o f  l e n t i l s
When j ^ p r o t e i n  f o o d s  a r e  h e a t e d  M a i l l a r d  r e a c t i o n  o c c u r s ,  an d  i n  
t h i s  r e a c t i o n  m o s t  o f  t h e  am ino  a c i d s  l y s i n e  d e c r e a s e ,
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Fig. 25: Effect of canning and storage over twelve months at 25°C and 35°C
on percentage retention of proteins of four lentil varieties.
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an d  t h i s  r e a c t i o n  may o c c u r  d u r i n g  s t o r a g e  a t  o r d i n a r y  o r  
a m b i e n t  t e m p e r a t u r e s  o r  a t  p r o l o n g e d  s t o r a g e  t i m e  (CHEFTEL, 1979;  
HURRELL, 1 9 8 0 ) .
C a n n i n g  p e a s  c a u s e s  a s m a l l  d e c r e a s e  i n  t h e  am ou nt  o f  m e t h i o n i n e  
w h i l e  t r y p t o p h a n  a n d  p h e n y l a l a n i n e  a r e  l e s s  damaged (BENDER, 
1 9 7 2 ) .  T h r e o n i n e ,  l y s i n e ,  m e t h i o n i n e  and a r g i n i n e  a r e  t h e  m o s t  
t h e r m o l a b i l e  am ino a c i d s  (YAMAGUCHI and WU, 1 9 7 5 ) .  A u t o c l a v i n g  
d e c r e a s e d  m o s t  amino a c i d s ,  i n c l u d i n g  t h e  c h e m i c a l l y  i n e r t  
l e u c i n e ,  a 50% d e c r e a s e  was n o t e d  i n  b o t h  l y s i n e  and i n
t r y p t o p h a n ,  and 30% i n  m e t h i o n i n e  (CHEFTEL, 1 9 7 9 ) .  C h a n g e s  i n  
p r o t e i n s  a n d  am ino  a c i d s  o c c u r  i n  s t o r e d  p r o c e s s e d  f o o d ,  i . e .  
f r e e z e - d r i e d  mushroom s t o r e d  a t  30 C f o r  9 m o n t h s  showed a 
d e c r e a s e  i n  a s p a r t i c  a c i d ,  t h r e o n i n e ,  s e r i n e ,  v a l i n e ,  
p h e n y l a l a n i n e ,  l y s i n e  and h i s t i d i n e  (LUH and WOODROOF, 1 9 7 5 ) .
LEDWARD ( 1 9 7 9 )  h a s  r e p o r t e d  t h a t  l y s i n e  d e s t r u c t i o n  p r o b a b l y  
o c c u r s  due  to  M a i l l a r d  r e a c t i o n  i n v o l v i n g  t h e  a m id e s  o f
a s p a r a g i n e  an d  g l u t a m i n e  o r  t h e  c a r b o n y l  com po un ds  fo r m e d  by
c y s t i n e  d e g r a d a t i o n ,  an d  a s  h e a t  i n c ^ a s e s  m o r e  complex r e a c t i o n s  
o c c u r  a n d  t h e r e  a r e  m a r k e d  l o s s e s  i n  a l l  amino a c i d s .  C h a n g e s  i n  
am ino a c i d s ,  e s p e c i a l l y  t h e  e s s e n t i a l  o n e s  d u r i n g  p r o c e s s i n g  h a v e  
a n u t r i t i o n a l  i m p o r t a n c e ,  s i n c e  t h e  n u t r i t i v e  v a l u e  o f  a  p r o t e i n  
i s  r e l a t e d  t o  i t s  am in o  a c i d  c o n t e n t .  L o s s e s  i n  a m in o  a c i d s  h a v e  
t h e r e f o r e  a  p r o f o u n d  e f f e c t  on t h e  n u t r i t i v e  v a l u e  o f  t h e  f o o d .
S o ,  i n  t h e  p r e s e n t  s t u d y ,  c h a n g e s  i n  a m in o  a c i d s  d u r i n g  c a n n i n g
and s t o r a g e  o f  c a n n e d  l e n t i l s  w i l l  be  s t u d i e d .
RESULTS AND DISCUSSION
1 .  E f f e c t  o f  c a n n i n g
From t a b l e  51 i t  can  be  s e e n  t h a t  c a n n i n g  h a s  d e c r e a s e d  t h e  t o t a l  
p r o t e i n  a m in o  a c i d s  o f  t h e  f o u r  l e n t i l  v a r i e t i e s  i n v e s t i g a t e d .
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As a r e s u l t  o f  c a n n i n g ,  t o t a l  amino a c i d s  i n  AMR, LAG, JOR and 
SML d e c r e a s e d  f r o m  8 0 . 8 8  t o  7 0 . 8 4  g / lO O g  p r o t e i n  ( R e t n  85% ) ,
f rom  8 3 . 5 8  t o  7 3 . 4 4  ( R e t n  88% ) ,  f rom 8 1 . 9 1  to  7 0 . 5 8  ( R e t n  86% ) 
and f r o m  8 2 . 6 7  t o  7 1 . 2 2  g / lO O g p r o t e i n  ( R e t n  86%) r e s p e c t i v e l y .  
The am ino  a c i d s  m o s t  a f f e c t e d  w e r e  l y s i n e ,  c y s t e i n e ,  m e t h i o n i n e ,  
t r y p t o p h a n ,  v a l i n e ,  h i s t i d i n e ,  l e u c i n e  an d  i s o l e u c i n e .  T h e i r  
r e t e n t i o n s  r a n g e d  f ro m  77 t o  86% co m p ar ed  t o  d r y  s e e d s .
2 .  E f f e c t  o f  s t o r a g e
On s t o r a g e ,  c h a n g e s  i n  a m in o  a c i d s  t o o k  p l a c e  ( t a b l e s  51 a n d  5 2 ) .  
A f t e r  one y e a r  s t o r a g e  a t  25 C, t h e  amino a c i d s  w h i c h  d e c r e a s e d
rrL(U&.îo%.î*.t,
w e r e  l y s i n e , ^ t r y p t o p h a n ,  c y s t e i n e ,  h i s t i d i n e  and a l a n i n e  and 
t h e i r  r e t e n t i o n  v a l u e s  a r e  6 9 ,  4 5 ,  5 2 ,  6 1 ,  6 8 ,  an d  78% i n  AMR
s t o r e d  p r o d u c t .
A f t e r  one  y e a r  s t o r a g e  a t  35 C t h e  am ino  a c i d s  w h i c h  d e c r e a s e d  
a p p r e c i a b l y  w e re  l y s i n e ,  m e t h i o n i n e ,  t r y p t o p h a n ,  c y s t e i n e ,  
h i s t i d i n e  an d  g l y c i n e  an d  t h e i r  r e t e n t i o n  v a l u e s  a r e  5 9 ,  4 7 ,  5 2 ,
5 0 ,  68 a n d  74% i n  AMR co m p ar ed  t o  d r y  s e e d s .  The p a t t e r n  o f
b e h a v i o u r  o f  amino a c i d s  s t o r a g e  o f  t h e  o t h e r  v a r i e t i e s  e . g .  LAG, 
JOR, a n d  SML i s  s i m i l a r  t o  t h a t  o f  AMR.
S t o r a g e  t e m p e r a t u r e s  i n  t h i s  s t u d y ,  h a v e  l i t t l e  e f f e c t  on t h e  
r e t e n t i o n  o f  amino a c i d s .
The l o s s e s  i n  am in o  a c i d s  due  t o  c a n n i n g  a n d  s t o r a g e  may b e  t h e  
r e s u l t  o f  M a i l l a r d  r e a c t i o n  o r  n o n - e n z y m i c  b r o w n i n g  w h i c h  . h a s  
b e e n  s u g g e s t e d  by some w o r k e r s  t o  c a u s e  l o s s e s  i n  m o s t  am in o  
a c i d s  (LEDWARD, 1979 ;  CHEFTEL, 197 9 ;  BENDER, 1 9 7 8 ) .  L o s s e s  i n  
some am in o  a c i d s  e s p e c i a l l y  m e t h i o n i n e  an d  c y s t e i n e  may b e  a s  a 
r e s u l t  o f  t h e  f o u r t h  t y p e  o f  damage i . e .  o x i d a t i o n  ( p . 2 2 0 )  a s  
s u g g e s t e d  by MAURON ( 1 9 7 7 ) .
C y s t e i n e  may r e a c t  w i t h  r e d u c i n g  s u g a r s ,  b u t  t o  a  much l e s s  
e x t e n t  t h a n  d o e s  l y s i n e .  M e t h i o n i n e  i s  d e s t r o y e d ,  w h i l e  t ry j ^ o p h an  
i s  a l s o  u s e d  i n  t h e  M a i l l a r d  r e a c t i o n ,  a s  a r e  s u l p h u r  c o n t a i n i n g
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231
amino  a c i d s ,  t y r o s i n e  and  o t h e r  b a s i c  am in o  a c i d s  due  t o  t h e  
M a i l l a r d  r e a c t i o n .
HEIMANN ( 1 9 8 0 )  h a s  r e p o r t e d  t h a t  among t h e  s u l p h u r  c o n t a i n i n g  
amino  a c i d s ,  m e t h i o n i n e - w i t h i n  t h e  n a t u r a l  p r o t e i n  s t r u c t u r e - i s  
s e n s i t i v e  to  h e a t  and t h i s  s e n s i t i v i t y  i s  e x p l a i n e d  by t h e  l o s s  
o f  m e t h i o n i n e  on h e a t i n g  a n d  d u r i n g  s t o r a g e  o f  f o o d s t u f f s  a t  
h i g h e r  t e m p e r a t u r e s .
E f f e c t  o f  c a n n i n g  an d  s t o r a g e  on t h e  c h e m i c a l  s c o r e  o f  e s s e n t i a l
a m in o  a c i d s  o f  l e n t i l s
1 . E f f e c t  o f  c a n n i n g
C a n n i n g  h a s  d e c r e a s e d  t h e  c h e m i c a l  s c o r e  o f  l e n t i l  p r o t e i n s  
( t a b l e  5 3 ) .
As a  r e s u l t  o f  c a n n i n g ,  c h e m i c a l  s c o r e s  o f  AMR, LAG, JOR an d  SML 
d e c r e a s e d  f r o m  28 t o  2 2 ,  f r om  25 to  2 0 ,  f rom 22 t o  18 a n d  f r o m  28 
to  22 r e s p e c t i v e l y .
2 .  E f f e c t  o f  s t o r a g e
T a b l e  53 shows t h a t  a f t e r  t w e l v e  - m o n t h - s t o r a g e  a t  25 C, t h e  
c h e m i c a l  s c o r e s  o f  AMR, LAG, JOR an d  SML d e c r e a s e d  f r o m  28 t o  1 7 ,  
f rom  25 to  1 2 ,  f rom 22 to  11 an d  f r o m  28 t o  15 r e s p e c t i v e l y .  
ThAiTC i s  a n e g l i g i b l e  d i f f e r e n c e  i n  t h e  c h e m i c a l  s c o r e  b e t w e e n  
t h o s e  s t o r e d  a t  25 an d  35 C. The m o s t  l i m i t i n g  a m in o  a c i d s  i n  o n e  
y e a r  s t o r e d  c a n n e d  l e n t i l s  w e r e  f o u n d  t o  b e  m e t h i o n i n e ,  c y s t e i n e  
an d  t r y p t o p h a n  i n  a l l  t h e  f o u r  v a r i e t i e s  i n v e s t i g a t e d .
Due t o  t h e  i m p o r t a n c e  o f  c a n n e d  f o o d s  i n  m a n ' s  l i f e ,  t h e  e f f e c t  
o f  c a n n i n g  o n  p r o t e i n  q u a l i t y  h a s  b e e n  i n v e s t i g a t e d  by some 
w o r k e r s .  POWRIE and  LAMBERTS ( 1 9 6 4 ) h a v e  r e p o r t e d  t h a t  c a n n i n g  o f  
n a v y  b e a n s  d e c r e a s e d  d i g e s t i b i l i t y  o f  p r o t e i n ,  p r o t e i n  e f f i c i e n c y  
r a t i o  ( P E R ) ,  an d  b i o l o g i c a l  v a l u e  w as  a l s o  r e d u c e d .  BENDER ( 1 9 7 8 )
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h a s  r e p o r t e d  t h a t  c a n n i n g  d e c r e a s e s  t h e  n e t  p r o t e i n  u t i l i z a t i o n  
(NPU) o f  c a n n e d  p o r k .
E f f e c t  o f  c a n n i n g  an d  s t o r a g e  on f r e e  am ino  a c i d s  
RESULTS AND DISCUSSION
1 .  E f f e c t  o f  c a n n i n g
From t a b l e  54 i t  can  be s e e n  t h a t  c a n n i n g  h a s  d e c r e a s e d  t h e  f r e e
am ino a c i d s  o f  t h e  f o u r  v a r i e t i e s  u s e d  i n  t h i s  s t u d y .
F r e e  amino a c i d s  d e c r e a s e d  a s  a  r e s u l t  o f  c a n n i n g  i n  AMR, LAG, 
JOR and SML from 1 . 3 9  t o  0 . 8 6  g / lO O g  ( R e t n  62% ) ,  f rom 1 . 1 4  t o
0 . 6 6  ( R e t n  58% ) ,  f rom 1 . 3 0  to  0 . 7 8  ( R e t n  60% ) and f r o m  1 . 5 6  to
1 . 0  g / lO O g ( R e t n  64% ) r e s p e c t i v e l y .
I n  a l l  t h e  f o u r  v a r i e t i e s  t e s t e d  a s p a r t i c  a c i d  a n d  a r g i n i n e  w e r e  
t h e  m o s t  r e t a i n e d ,  t h e i r  r e t e n t i o n s  r a n g i n g  f r o m  b e t w e e n  70 a n d  
78%, w h i l e  a l a n i n e  an d  g l y c i n e  w e r e  l e a s t  r e t a i n e d ,  t h e i r  
r e t e n t i o n s  v a r y i n g  b e t w e e n  a  t r a c e  am oun t  and  50%.
2 .  E f f e c t  o f  s t o r a g e
T a b l e  54 shows t h a t  a t  t h e  end o f  t w e l v e  m o n t h - s t o r a g e  a t  25 C 
a l l  f r e e  amino a c i d s ,  e x c e p t  a r g i n i n e ,  d e c r e a s e d  t o  t r a c e  
a m o u n t s .  T h e s e  r e s u l t s  a g r e e  w i t h  t h o s e  o f  o t h e r  w o r k e r s .  A 
d e c r e a s e  i n  f r e e  amino a c i d s  o f  s t o r e d  p o t a t o e s  h a s  b e e n  r e p o r t e d  
(WEAVER e t  a l . , 1 9 7 8 ;  TALLEY and PORTER, 1 9 7 0 ) .
T h e r e  a r e  two ways  t h a t  c a n n i n g  a n d  s t o r a g e  can  a f f e c t  f r e e  am in o  
a c i d s  i n  f o o d s :
1 .  I t  h a s  b e e n  s u g g e s t e d  by SALUNKHE ( 1 9 7 4 )  t h a t  d e h y d r o a s c o r b i c  
a c i d  a n d  2 , 3 - d i k e t o g u l o n i c  a c i d ,  fo rm ed  f r o m  a s c o r b i c  a c i d  d u r i n g  
s t o r a g e ,  r e a c t  n o n - e n z y m a t i c a l l y  w i t h  f r e e  am in o  a c i d s  to  c a u s e
2 3 4
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brown d i s c o l o r a t i o n .
2 .  I t  h a s  a l s o  b e e n  s u g g e s t e d  by HURRELL and CARPENTER ( 1 9 7 7 )  
t h a t  s i n c e  f r e e  amino a c i d s  h a v e  f r e e  a l p h a  amino  g r o u p s  t h e y  c a n  
t a k e  p a r t  i n  M a i l l a r d  r e a c t i o n s  so t h a t  t h e y  a r e  e i t h e r  b o u n d  o r  
d e s t r o y e d .
The l o s s e s  o f  f r e e  amiyio a c i d s  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  may 
be d u e  t o  b o t h  t h e  a b o v e  s u g g e s t i o n s .
E f f e c t  o f  c a n n i n g  an d  s t o r a g e  on v i t a m i n s
V i t a m i n  C e x i s t s  i n  n a t u r e  i n  t h e  r e d u c e d  f o r m ,  L - a s c o r b i c  a c i d ,  
and i n  t h e  o x i d i z e d  f o r m ,  L - d e h y d r o a s c o r b i c  a c i d .  S o ,  g e n e r a l l y ,  
v i t a m i n  C d e s i g n a t e s  b o t h  a s c o r b i c  (AA) and d e h y d r o a s c o r b i c  a c i d  
(DHA). PRIESTLEY ( 1 9 7 9 )  h a s  r e p o r t e d  t h a t  t h e  m o s t  i m p o r t a n t  
compound p o s s e s s i n g  v i t a m i n  C a c t i v i t y  i s  L - a s c o r b i c  a c i d ,  w h ich  
i s  r e a d i l y  o x i d i z e d  t o  a d i k e t o  g r o u p ,  and t h e  r e s u l t i n g  L-  
d e h y d r o a s c o r b i c  a c i d  (DHA) fo r m s  a r e d o x  s y s t e m  w i t h  L - a s c o r b i c  
a c i d  a n d  h a s  f u l l  v i t a m i n  C a c t i v i t y .
The r a t e  of  o x i d a t i o n  o f  a s c o r b i c  a c i d  i n  f o o d s  i s  i n f l u e n c e d  by 
s e v e r a l  f a c t o r s  i n c l u d i n g  pH, t r a c e  m e t a l ,  o x y g e n ,  t i m e  and 
t e m p e r a t u r e .  The a e r o b i c  o x i d a t i o n  o f  a s c o r b i c  a c i d  p r o d u c e s  DHA 
and t h e n  o t h e r  co m p o u n d s .  The a n a e r o b i c  d e c o m p o s i t i o n  o f  a s c o r b i c  
a c i d  p r o d u c e s  f u r f u r a l  (BENDER, 1 9 7 8 ) .  A s c o r b i c  a c i d  d e g r a d a t i o n  
t a k e s  p l a c e  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  ox y g en  a s  s u g g e s t e d  by 
BAUERNFEIND an d  PINKERT ( 1 9 7 0 )  ( f i g . "2 6  ) .
I n  c a n n e d  f o o d s ,  t h e  l o s s  o f  a s c o r b i c  a c i d  t e n d s  t o  b e  a r a p i d  
i n i t i a l  r e a c t i o n  w h i c h  i s  o x y g e n - d e p e n d e n t  an d  p r o c e e d s  u n t i l  t h e  
a v a i l a b l e  o x y g e n  i s  c o m p l e t e l y  e x h a u s t e d ,  f o l l o w e d  by a n a e r o b i c  
d e g r a d a t i o n  (ARCHER and TANNENBAUM, 1 9 7 9 ) .
Food p r o c e s s i n g  c a u s e s  v i t a m i n  d e s t r u c t i o n  (THIJSSEN an d  KERKHOF,
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1 9 7 7 ) .  V i t a m i n  C i s  o f t e n  u s e d  a s  a c r i t e r i o n  i n  p r o c e s s i n g  a n d  
d u r i n g  s t o r a g e .  The v i t a m i n  C r e t e n t i o n  was  63% f o r  c a n n e d  p e a s  
(BENDER, 1 9 6 6 ) .  V i t a m i n  C i s  l o s t  d u r i n g  p r o c e s s i n g  a n d  i s  
a f f e c t e d  by s t o r a g e  t e m p e r a t u r e s ,  e . g .  p r o c e s s e d  b e a n s  s t o r e d  f o r  
6 m o n t h s  a t  1 F, r e t a i n e d  30% o f  t h e  v i t a m i n  a f t e r  c o o k i n g  
com p ar ed  t o  t h e  v i t a m i n  c o n t e n t  o f  f r e s h  b e a n s .
The s t a b i l i t y  o f  v i t a m i n  C, i n  c a n n e d  p r o d u c t s ,  d e p e n d s  up on  t h e  
t y p e  o f  t h e  can  (CLIFCORN, 1 9 4 8 ) .  KRAMER ( 1 9 7 4 )  h a s  r e p o r t e d  
t h a t ,  c a n n e d  f o o d s  when p a c k e d  i n  l e s s  n u t r i t i v e  m e d i a ,  g r a d u a l l y  
s u f f e r  a l e a c h i n g  e f f e c t  o f  t h i s  v i t a m i n .  I n c o m p l e t e  i n a c t i v a t i o n  
o f  enzymes a n d  i n c o m p l e t e  e x p u l s i o n  o f  a i r  a r e  b e l i e v e d  t o  p e r m i t  
o x i d a t i o n  o f  v i t a m i n  C (CAIN, 1 9 6 7 ) .  V i t a m i n  C i s  an  i m p o r t a n t  
p r e c u s o r  o f  n o n - e n z y m i c  b r o w n i n g  (ADRIAN, 1 9 8 2 ) .  The d e s t r u c t i o n  
r a t e  o f  v i t a m i n  C i n  f o o d s  i n c r e a s e s  w i t h  i n c r e a s i n g  w a t e r  
a c t i v i t y  (PRIESTLEY, 1 9 7 9 ) .
GUERRANT ^  a l . , ( 1 9 4 5 )  h a v e  r e p o r t e d  t h a t ,  a f t e r  one y e a r
s t o r a g e ,  t o m a t o  j u i c e  a t  30 F,  r e t a i n e d  92% o f  t h e  i t ^ i a l  v i t a m i n
C, w h i l e  o n l y  20% was p r e s e n t  i n  t h e  j u i c e  s t o r e d  a t  110 F,  and
a t  80 F t h e  l o s s  was  h a l f  t h a t  a t  110 F.
I n  t h e  p r e s e n t  s t u d y ,  t h e  e f f e c t  o f  c a n n i n g  a n d  o n e  y e a r  s t o r a g e
on v i t a m i n  C c o n t e n t  w i l l  be  i n v e s t i g a t e d .
RESULTS AND DISCUSSION
1 .A.  E f f e c t  o f  c a n n i n g  on v i t a m i n  C
From t a b l e  55 & f i g .  27 i t  ca n  be s e e n  t h a t  c a n n i n g  h a s  d e c r e a s e d  
v i t a m i n  C c o n t e n t  i n  a l l  v a r i e t i e s  t e s t e d .
As a  r e s u l t  o f  c a n n i n g ,  v i t a m i n  C i n  AMR, LAG, JOR and SML 
d e c r e a s e d  f r o m  4 , 3 5  t o  2 . 4 7  m g/ lO Og ( R e t n  57%),  f rom  2 . 1 7  t o  1 , 3 6
2 3 8
Table 55: E ffec t of canning and storage a t 25°C  for tw elve months on
% re ten tion  of vitam in C, thiam ine and riboflavin of four 
varie ties of lentil.
(Results are expressed as mg/lOOg)
Variety
AMR
Vitamin C Thiamine Riboflavin Variety
JOR
Vitamin C Thiamine Riboflavin
Control 4.35
(0.14)
0.57
(0.06)
0.27
(0.03)
Control 5.60
(0.25)
0.50
(0.05)
0.34
(0.03)
Canned 2.47
(0.11)
0.42 0.20 Canned 3.30
(0.19)
0.34 0.27
Retention(%) 57 75 78 Retention(%) 59 68 79
6 months 2.17
(0.13)
0.37 0.20 6 months 3.05
(0.15)
0.30 0.22
Retention(%) 50 66 78 Retention(%) 54 60 65
12 months 1.78
(0.08)
0.32 0.17 12 months 2.58
(0.18)
0.25 0.18
Retention(%) 41 57 64 Retention(%) 46 50 54
LAG SML
Control 2.17
(0.08)
0.45
(0.06)
0.38
(0.04)
Control 5.42
(0.19)
0.39
(0.03)
0.21
(0.02)
Canned 1.36
(0.07)
0.32 0.30 Canned 3.29
(0.21)
0.29 0.15
Retention(%) 63 70 81 Retention(%) 61 74 71
6 months 1.23
(0.08)
0.28 0.30 6 months 2.81
(0.16)
0.25 0.15
Retention(%) 57 64 81 Retention(%) 52 65 71
12 months 1.10
(0.06)
0.24 0.25 12 months 2.26
(0.13)
0.21 0.11
Retention(%) 51 54 65 Retention(%) 43 53 56
( ) = SE ; SE is om itted  when <0.02 mg/iOOg
23 9
Table 56: E ffect of canning and storage a t 35°C for twelve months
on % re ten tion  of vitam in C, thiam ine and riboflavin 
of four varieties of lentil.
(Results are expressed as mg/lOOg)
Variety
AMR
Vitamin C Thiamine Riboflavin Variety
JOR
Vitamin C Thiamine Riboflavin
Control 4.35
(0.14)
0.57
(0.06)
0.27
(0.03)
Control 5.60
(0.25)
0.50
(0.05)
0.34
(0.03)
Canned 2.47
(0.11)
0.42 0.20 Canned 3.30
(0.19)
0.34 0.27
Retention(%) 57 75 78 Retention(%) 59 68 79
6 months 1.74
(0.09)
0.35 0.20 6 months 2.52
(0.15)
0.28 0.19
Retention(%) 40 62 78 Retention(%) 45 56 57
12 months 1.26
(0.12)
0.28 0.15 12 months 1.96
(0.12)
0.22 0.15
Retention(%) 29 49 56 Retention(%) 35 44 47
LAG SML
Control 2.17
(0.08)
0.45
(0.06)
0.38
(0.04)
Control 5.42
(0.19)
0.39
(0.03)
0.21
(0.02)
Canned 1.36
(0.07)
0.32 0.30 Canned 3.29
(0.21)
0.29 0.15
Retention(%) 63 70 81 Retention(%) 61 74 71
6 months 1.06
(0.06)
0.23 0.25 6 months 2.48
(0.15)
0.22 0.15
Retention(%) 49 51 66 Retention(%) 46 57 71
12 months 0.71 0.19 0.20 12 months 1.46
(0.10)
0.18 0.10
Retention(%) 33 46 55 Retention(%) 25 47 50
( ) = SE ; SE is om itted  when <0.02 mg/lOOg
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Fig. 27: E f f e c t  of canning  and one yea r  s to rag e  a t  25°C and 35°C on %
re te n t io n  of Vitamin C of four len til  v a r ie t ie s .
24-1
( R e t n  63%),  from 5 . 6 0  t o  3 . 3 0  ( R e t n  59%) and fr om  5 . 4 2  t o  3 . 4 2  t o
3 . 2 9  mg/ lO O g ( R e t n  61%) r e s p e c t i v e l y .
1 . B. E f f e c t  o f  s t o r a g e  on v i t a m i n  C
T a b l e  55 & f i g . 27 show t h a t  a f t e r  t w e l v e  m o n t h - s t o r a g e  a t  25 C
v i t a m i n  C i n  AMR, LAG, JOR and SML d e c r e a s e d  f r o m  4 . 3 5  to  1 . 7 8
mg/ lOOg ( R e t n  4 1% ) ,  f rom 2 . 1 7  t o  1 . 1 0  ( R e t n  51%),  f rom 5 . 6 0  to  
2 . 5 8  ( R e t n  46%) and^ f r o m  5 . 4 2  to  2 . 2 6  mg/ lOOg ( R e t n  43%)
r e s p e c t i v e l y .
A f t e r  12 m o n t h - s t o r a g e  a t  35 C v i t a m i n  C i n  AMR, LAG, JOR and SML 
d e c r e a s e d  f r o m  4 . 3 5  to  1 . 2 6  mg/ lOOg ( R e t n  29%) ,  frcwi 2 . 1 7  t o  0 . 7 1  
( R e t n  33%),  f rom 5 . 6 0  to  1 . 9 6  ( R e t n  35%) and f ro m  5 . 4 2  t o  1 . 4 6
( R e t n  25%) r e s p e c t i v e l y  ( t a b l e  5 6 ,  & f i g .  2 7 ) .
I n f o r m a t i o n  a b o u t  v i t a m i n  C r e t e n t i o n  i n  f o o d s  c a n n e d  a n d  s t o r e d  
a t  d i f f e r e n t  t e m p e r a t u r e s  seems to  v a r y  c o n s i d e r a b l y .  The
r e t e n t i o n  o f  v i t a m i n  C o f  t h e  f o u r  v a r i e t i e s  o f  l e n t i l s  f o u n d  i n
t h e  p r e s e n t  s t u d y ,  a f t e r  12 m o n t h - s t o r a g e  a t  25 C and a t  35 C
seems s l i g h t l y  l o w e r  t h a n  t h o s e  o f  GUERRANT £ t  a l . ,  ( 1 9 4 5 )  who
h a v e  r e p o r t e d  t h a t  l i m a  b e a n s  r e t a i n e d  83% and  65% when s t o r e d  a t  
30 F and 110 F f o r  270 d a y s  r e s p e c t i v e l y .
On t h e  o t h e r  h a n d ,  BRENNER e t  a l . ,  ( 1 9 4 8 )  h a v e  r e p o r t e d  t h a t  
c a n n e d  p e a s  r e t a i n e d  a p p r o x i m a t e l y  8 0 ,  75 an d  66% o f  t h e
o r i g i n a l  a s c o r b i c  a c i d  a t  7 0 ,  90 a n d  100 F t h r o u g h  18 m o n t h -
s t o r a g e ,  w h i l e  c a n n e d  l i m a  b e a n s  r e t a i n e d  a p p r o x i m a t e l y  70% 
d u r i n g  18 m o n t h - s t o r a g e  a t  a l l  t h e  t h r e e  t e m p e r a t u r e s .
The r e t e n t i o n  o f  v i t a m i n  C due t o  c a n n i n g  i n  t h e  p r e s e n t  s t u d y  i s  
l o w e r  t h a n  t h a t  o f  WAGNER £ t  a l . ,  ( 1 9 4 7 )  who h a v e  r e p o r t e d  t h a t  
v i t a m i n  C r e t e n t i o n  o f  c a n n e d  p e a s  ( p r o c e s s e d  f o r  25 m i n  a t  245 
F )  i s  80%, and t h a t  of  c a n n e d  l i m a  b e a n s  i s  98%. The r e s u l t s  f r om  
t h e  p r e s e n t  s t u d y ,  a g r e e  t o  some e x t e n t  w i t h  t h o s e  o f  KRAMER 
( 1 9 7 4 )  who h a s  r e p o r t e d  t h a t  c a n n e d  g r e e n  b e a n s  a n d  l i m a  b e a n s
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l o s t  15% v i t a m i n  C when s t o r e d  f o r  u j j to  one  y e a r  a t  80  F.
A l t h o u g h  some i n v e s t i g a t o r s  b e l i e v e  t h a t  l i t t l e  d e s t r u c t i o n  o f  
v i t a m i n  C o c c u r s  i n  c a n n e d  f o o d s  (PRIESTLEY, 1 9 7 9 ) ,  y e t  i t  i s  
l i k e l y  t h a t  l o s s e s  do t a k e  p l a c e  due t o  l e a c h i n g  a n d  o x i d a t i o n  
(BENTERUD, 1 9 7 7 ) .  T h e r e  may be  a l o s s  i m m e d i a t e l y  a f t e r  c a n n i n g  
o r  b o t t l i n g  due to  d i s s o l v e d  h e a d  s p a c e  a i r .  As a c o n s e q u e n c e ,  
t h e r e  i s  g e n e r a l l y  g r e a t e r  l o s s  o f  v i t a m i n  C i n  l a c q u e r e d  c a n s  
t h a n  i n  p l a i n  o n e s  (BENDER, 1 9 7 8 ) .  HENSHALL ( 1 9 7 4 )  h a s  r e p o r t e d  
t h a t  e a c h  p r o d u c t  p r e s e n t s  i t s  own p ro b l e m  and t h a t  t h e  r e t e n t i o n  
o f  v i t a m i n  C a c t i v i t y  i s  p r o d u c t  d e p e n d e n t .
2 . E f f e c t  o f  c a n n i n g  an d  s t o r a g e  on t h i a m i n e
L i k e  v i t a m i n  C, t h e  B v i t a m i n s  a r e  g r e a t l y  a f f e c t e d  by h e a t .  The 
p r o c e s s i n g  t i m e  and t e m p e r a t u r e  a s  w e l l  as  pH and t h e  can s i z e  
a r e  f a c t o r s  w h i c h  d e t e r m i n e  t h i a m i n e  s t a b i l i t y  i n  f o o d .  The 
v i t a m i n  r e t e n t i o n  i n  c a n n e d  g r e e n  b e a n s  (90m in  a t  121 C) was 
a b o u t  45% (BENTERRUD, 1 9 7 7 ) .  PRIESTLEY ( 1 9 7 9 )  h a s  r e p o r t e d  t h a t  
t h i a m i n e  r e a c t s  w i t h  t h e  f r e e  NH2 g r o u p s  o f  p r o t e i n s  an d  i t  
p a r t i c i p a t e s  i n  a Mai H a r d - t y p e  r e a c t i o n  w i t h  g l u c o s e .  KRAMER 
( 1 9 7 4 )  h a s  r e p o r t e d  t h a t  l o s s e s  i n  t h i a m i n e  i n  c a n n e d  b e a n s  w e r e  
10% b u t  a g r e a t e r  l o s s  o f  25% i s  o b s e r v e d  i f  s t o r e d  f o r  up to  12 
m o n t h s  a t  a m b i e n t  t e m p e r a t u r e  (80 F ) ;  a b o u t  35% i s  h o w e v e r  l o s t  
i f  s t o r e d  f o r  l o n g e r  t h a n  o n e  y e a r  a t  t h i s  t e m p e r a t u r e .  The l o w -  
a c i d  c a n n e d  v e g e t a b l e s  r e t a i n  l e s s  t h i a m i n e  t h a n  do ca n n e d  f r u i t s  
(CAIN, 1 9 6 7 ) .
RESULTS AND DISCUSSION
2 . A. E f f e c t  o f  c a n n i n g  on t h i a m i n e
From t a b l e  55 & f i g .  28 i t  c a n  be s e e n  t h a t  c a n n i n g  h a s  d e c r e a s e d  
t h e  t h i a m i n e  c o n t e n t  i n  a l l  t h e  l e n t i l  v a r i e t i e s  u n d e r  
i n v e s t i g a t i o n .
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As a r e s u l t  o f  c a n n i n g ,  t h i a m i n e  i n  AMR, LAG, JOR an d  SML 
d e c r e a s e d  f r o m  0 . 5 7  t o  0 . 4 2  mg/ lO Og ( R e t n  75%),  f rom 0 . 4 5  to
0 . 3 2  ( R e t n  70%),  f rom 0 . 5 0  t o  0 . 3 4  ( R e t n  68%) and f r o m  0 . 3 9  t o
0 . 2 9  rag/ lOOg ( R e t n  74%) r e s p e c t i v e l y .
2 . B. E f f e c t  o f  s t o r a g e  on t h i a m i n e
T a b l e  55 & f i g .  28 show t h a t  a f t e r  12 m o n t h - s t o r a g e  a t  25 C, 
t h i a m i n e  i n  AMR, LAG, JOR and SML d e c r e a s e d  f ro m  0 . 5 7  t o  0 . 3 2  
( R e t n  57%),  f rom 0 . 4 5  to  0 . 2 4  ( R e t n  54%) ,  f rom 0 . 5 0  t o  0 . 2 5  ( R e t n  
50%) an d  f r o m  0 . 3 9  t o  0 . 2 1  mg/ lO Og  ( R e t n  53%) r e s p e c t i v e l y .
A f t e r  t w e l v e  m o n t h - s t o r a g e  a t  35 C t h i a m i n e  i n  AMR, LAG, JOR and 
SML d e c r e a s e d  f r o m  0 . 5 7  t o  0 . 2 8  ( R e t n  49 %),  f rom 0 . 4 5  to  0 . 1 9  
( R e t n  46%),  f rom 0 . 5 0  t o  0 . 2 2  ( R e t n  44%) and f r o m  0 . 3 9  t o  0 . 1 8  
mg/ lOOg r e s p e c t i v e l y  ( t a b l e  5 6 ,  f i g .  2 8 ) .
The r e s u l t s  o b t a i n e d  f r o m  t h e  p r e s e n t  s t u d y ,  on t h e  e f f e c t  of  
c a n n i n g  on t h i a m i n e ,  a g r e e  w i t h  t h o s e  o f  CLIFCORN ( 1 9 4 7 )  who h a s  
r e p o r t e d  t h a t  m a t u r e  l i m a  b e a n s  l o s e  a b o u t  29% u p o n  p r o c e s s i n g  
( f o r  30 m in  a t  240 F ) .  H i g h e r  v a l u e s  (90% r e t e n t i o n )  f o r  c a n n e d  
b e a n s  h a v e  b e e n  r e p o r t e d  by KRAMER ( 1 9 7 4 ) ,  w h i l e  BENTERUD ( 1 9 7 7 )  
h a s  r e p o r t e d  l o w e r  v a l u e s  (45% r e t e n t i o n  ) f o r  c a n n e d  g r e e n  
b e a n s .
I n  t h e  p r e s e n t  s t u d y ,  t h e  s t o r a g e  t e m p e r a t u r e  a s  w e l l  a s  s t o r a g e  
t i m e  b o t h  a f f e c t e d  t h e  t h i a m i n e  r e t e n t i o n  o f  c a n n e d  l e n t i l s .
T h i s  f i n d i n g  a g r e e s  w i t h  t h a t  o f  EVERSON a l . ,  ( 1 9 6 4 )  who
r e p o r t e d  t h a t  b o t h  t i m e  an d  t e m p e r a t u r e  o f  s t o r a g e  a f f e c t e d  t h e  
t h i a m i n e  r e t e n t i o n  o f  l i m a  b e a n s .
On t h e  o t h e r  h a n d ,  GUERRANT e t  a l . ,  ( 1 9 4 5 )  h a v e  o b t a i n e d  r e s u l t s  
w h i c h  show t h a t  t h e  t e m p e r a t u r e  o f  s t o r a g e  a f f e c t s  t h i a m i n e  
r e t e n t i o n  m o re  t h a n  d o e s  s t o r a g e  t i m e .
The r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  c o n c e r n i n g  t h e  e f f e c t
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o f  s t o r a g e  t i m e  and t e m p e r a t u r e  on t h a i m i n e  r e t e n t i o n  o f  c a n n e d  
l e n t i l s  a g r e e  to  some e x t e n t  w i t h  t h o s e  o f  GUERRANT Cjt a l . ,
( 1 9 4 5 )  who h a v e  r e p o r t e d  t h a t  l i m a  b e a n s  s t o r e d  a t  110 F f o r  12 
m o n t h ,  r e t a i n e d  25% o f  t h e  o r i g i n a l  t h i a m i n e  c o n t e n t .  H i g h e r  
r e t a i n e d  v a l u e s ,  h a v e  b e e n  r e p o r t e d  by EVERSON e t  a l . , ( 1 9 6 4 )  who 
h a v e  fo u n d  t h a t  t h i a m i n e  l o s t  d u r i n g  9 m o n t h - s t o r a g e  o f  l im a
b e a n s  a t  68 a n d  86 F v a r i e d  f r o m  10 to  20%.
3 . E f f e c t  o f  c a n n i n g  an d  s t o r a g e  on r i b o f l a v i n
R i b o f l a v i n  (BgJ h a s  low  s o l u b i l i t y  i n  w a t e r .  BENTERUD ( 1 9 7 7 )  h a s  
r e p o r t e d  t h a t  n e g l i g i b l e  l o s s e s  o f  r i b o f l a v i n  o c c u r  i n  fo o d
d u r i n g  t h e r m a l  p r o c e s s i n g .  O t h e r  i n v e s t i g a t o r s ,  h a v e  r e p o r t e d
l o s s e s  i n  c a n n e d  v e g e t a b l e s  r a n g i n g  f r o m  25 to  70% (PRIESTLEY, 
197 9;  YAMAGUCHI and WU, 1 9 7 5 ) .
GANGAL an d  MAGAR ( 1 9 6 7 )  h a v e  r e p o r t e d  t h a t  m e a t  p a c k e d  i n  b r i n e  
and s t o r e d  a t  80 F l o s t  a b o u t  75% o f  i t s  r i b o f l a v i n ,  and t h e  l o s s  
seems t o  b e  d u e  t o  l e a c h i n g  a n d  n o t  by b e i n g  d e s t r o y e d .  GUERRANT 
e t  a l . , ( 1 9 4 5 )  h a v e  r e p o r t e d  a 63% r e t e n t i o n  i n  t o m a t o  j u i c e
a f t e r  s t o r a g e  f o r  one  y e a r  a t  110 F,  co m p ar ed  t o  90% i f  t h e  
s t o r a g e  was  a t  30 F. F u r t h e r m o r e ,  c a n n e d  l i m a  b e a n s  l o s t  30% 
r i b o f l a v i n  when s t o r e d  f o r  24 m o n t h s  a t  80 F.
RESULTS AND DISCUSSION
3 . A . E f f e c t  o f  c a n n i n g  on r i b o f l a v i n
From t a b l e  55 & f i g . 29 i t  ca n  be s e e n  t h a t  c a n n i n g  h a s  d e c r e a s e d
r i b o f l a v i n  i n  a l l  t h e  f o u r  v a r i e t i e s  t e s t e d .
I n  AMR, LAG, JOR an d  SML r i b o f l a v i n  d e c r e a s e d  a s  a r e s u l t  o f  
c a n n i n g  f r o m  0 . 2 7  t o  0 . 2 0  ( R e t n  78% ),  f r om  0 . 3 8  t o  0 . 3 0  ( R e t n  
8 1% ) ,  f r om  0 . 3 4  t o  0 . 2 7  ( R e t n  79%) and  f r o m  0 . 2 1  to  0 . 1 5  mg/ lOOg 
( R e t n  71%) r e s p e c t i v e l y .
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3 . B. E f f e c t  o f  s t o r a g e  on r i b o f l a v i n
A f t e r  t w e l v e  m o n t h - s t o r a g e  a t  25 C , r i b o f l a v i n  i n  AMR, LAG, JOR 
and SML d e c r e a s e d  f r o m  0 . 2 7  t o  0 . 1 7  ( R e t n  64%),  f rom 0 . 3 8  t o  0 . 2 5  
( R e t n  65%) ,  f rom 0 . 3 4  t o  0 . 1 8  ( R e t n  54%) and f r o m  0 . 2 1  to  0 . 1 1  
mg/ lOOg ( R e t n  56%) r e s p e c t i v e l y  ( t a b l e  55 & f i g .  2 9 ) .  A l s o  a f t e r  
t w e l v e  m o n t h  s t o r a g e  a t  35 C r i b o f l a v i n  i n  AMR, LAG, JOR an d  SML 
d e c r e a s e d  f r o m  0 . 2 7  t o  0 . 1 5  ( R e t n  56%),  f rom 0 . 3 8  t o  0 . 2 0  ( R e t n
55%),  f rom 0 . 3 4  t o  0 . 1 5  ( R e t n  47%) and f r o m  0 . 2 1  to  0 . 1 0  ( R e t n
50%) r e s p e c t i v e l y  ( t a b l e  5 6 ,  f i g .  29 ) .
The r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  on t h e  e f f e c t  of  
c a n n i n g  a g r e e  w i t h  t h o s e  o f  AUGUSTIN ( 1 9 8 1 )  f o r  c a n n e d  b e a n s  
(P h a s e o l u s  v u l g a r i s ) .  WAGNER e t  a l . ( 1 9 4 7 )  h a v e  r e p o r t e d  h i g h e r  
v a l u e s  f o r  r i b o f l a v i n  r e t e n t i o n  i n  c a n n e d  p e a s  a n d  l i m a  b e a n s  o f  
79 a n d  104% r e s p e c t i v e l y .
I n  t h e  p r e s e n t  s t u d y ,  i t  was  f o u n d  t h a t  t e m p e r a t u r e  and timeo^  
s t o r a g e  a f f e c t e d  t h e  r e t e n t i o n  o f  r i b o f l a v i n  s l i g h t l y .  T h e s e  
c o n c l u s i o n s  a g r e e  w i t h  t h o s e  o f  GUERRANT ^  al^. ( 1 9 4 5 )  who hav e  
r e p o r t e d  t h a t  60% o f  t h e  o r i g i n a l  r i b o f l a v i n  o f  l i m a  b e a n s  was  
r e t a i n e d  when s t o r e d  a t  110 F f o r  one  y e a r ,  w h e r e a s  t h e r e  was no
l o s s  i f  t h e  l i m a  b e a n s  w e r e  s t o r e d  a t  85 F.
On t h e  o t h e r  h a n d ,  c o n c l u s i o n s  drawn  f rom  t h i s  s t u d y ,  d i s a g r e e  
w i t h  t h o s e  o f  BRENNER a l . ( 1 9 4 8 )  who have  shown t h a t
r i b o f l a v i n  i n  c a n n e d  d a i r y  p r o d u c t s  showed s t a b i l i t y  a t  . t h e  
f o l l o w i n g  t h r e e  t e m p e r a t u r e s  ( 7 0 ,  90 a n d  100 F ) o v e r  an  18 m o n t h
p e r i o d .  I n  s e v e r a l  f o o d s  e . g .  p e a s ,  l i m a  b e a n s  a n d  s p i n a c h
l e a v e s ,  t h e r e  was  a l a r g e  i n c r e a s e  i n  r i b o f l a v i n ,  j u s t  t h e  
o p p o s i t e  o f  w h a t  was  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y .
From t h e  p r e v i o u s  d i s c u s s i o n s  i t  can  be s e e n  t h a t  c o n f l i c t i n g  
r e s u l t s  h a v e  b e e n  o b t a i n e d  o n  t h e  e f f e c t  o f  c a n n i n g  a n d  s t o r a g e
on r i b o f l a v i n  i n  a nu m b er  o f  v e g e t a b l e s .  T h e r e  i s  t h u s  m o re
v a r i a t i o n  on r i b o f l a v i n  when  c o m p a r e d  t o  t h e  o t h e r  v i t a m i n s  w h i c h
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h a v e  b e e n  r e p o r t e d  e i t h e r  by d i f f e r e n t  w o r k e r s ,  o r  by  t h e  same 
w o r k e r  u s i n g  d i f f e r e n t  f o o d s .  T h e r e f o r e ,  t h i s  i s  one  o f  t h e  
r e a s o n s  f o r  u s i n g  v i t a m i n  C and n o t  r i b o f l a v i n  a s  a  m a r k e r  f o r  
s t u d y i n g  c a n n i n g  a n d  s t o r a g e  c o n d i t i o n s .
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CHAPTER V i n
SCANNING ELECTRON MICROSCOPE STUDIES OF RAW AND PROCESSED LENTILS
D i f f e r e n t  l e g u m e s  h a v e  b e e n  v i e w e d  u n d e r  t h e  s c a n n i n g  e l e c t r o n  
m i c o s c o p e  ( S . E . M . )  . E l e c t r o n  m i c r o s c o p y  s t u d i e s  on r e d  k i d n e y  
b e a n s  a n d  b e a n  s p r o u t s  h a v e  b e e n  c o n d u c t e d  by SILVA a n d  LUH 
( 1 9 7 8 ) ,  on d ry  b e a n s  by ROCKLAND e t  a l . ( 1 9 7 7 ) ,  an d  on f a b a  b e a n  
s e e d s  by McEWEN e t  a j ^  ( 1 9 7 4 ) .  BHATTY a n d  SLINKARD ( 1 9 7 7 )  h a v e  
c o n d u c t e d  S .E .M .  s t u d i e s  on i s o l a t e d  s t a r c h  g r a n u l e s  on some 
v a r i e t i e s  o f  l e n t i l s  e . g .  l a i r d  a n d  t e k o a ,  b u t  a s  f a r  a s  t h e  
a u t h o r  i s  a w a r e  no o t h e r  su ch  s t u d i e s  on w h o l e  l e n t i l  s e e d s  
( u n d e r  d i f f e r e n t  c o n d i t i o n s )  h a v e  b e e n  c a r r i e d  o u t  t o - d a t e .
Aim o f  t h e  w ork
The c e l l  c o n t e n t s  o f  t h e s e  f o u r  varia,t/vo-S o f  d r y  l e n t i l  s e e d s  e . g .  
s t a r c h  an d  p r o t e i n  w e r e  i n v e s t i g a t e d  u s i n g  s c a n n i n g  e l e c t r o n  
m i c r o s c o p  y (SEM).  I d e a l l y ,  s i m i l a r  s t u d i e s  o f  t h e  c h a n g e s  t h a t  
o c c u r  i n  t h e  c e l l  c o n t e n t s  o f  a l l  f o u r  v a r i e t i e s  a f t e r  d i f f e r e n t  
t r e a t m e n t s  e . g .  g e r m i n a t i o n ,  c o o k i n g  a n d  c a n n i n g  w o u l d  a l s o  h av e  
b e e n  i n v e s t i g a t e d .  H o w e v e r ,  due t o  s e v e r a l  t e c h n i c a l  p r o b l e m s  SEM 
o f  o n l y  o n e  v a r i e t y ,  n a m e ly  AMR, was c a r r i e d  o u t  a f t e r  v a r i o u s  
t r e a t m e n t s .  S i n c e  t h e r e  w e r e  no w i d e  d i f f e r e n c e s  i n  t h e  f o u r  
v a r i e t i e s ,  i t  may be  a s s u m e d  t h a t  t h e  o t h e r  t h r e e  v a r i e t i e s  w o u l d  
p r e s e n t  somewhat  s i m i l a r  p i c t u r e s  t o  AMR w h ic h  was i n v e s t i g a t e d  
t h o r o u g h l y .
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MATERIALS AND METHODS 
S c a n n i n g  e l e c t r o n  m i c r o s c o p e  (SEM)
1 .  F i x a t i o n  o f  s a m p l e  
R e a g e n t s
a )  F i x a t i v e :  3% g l u t a r a l d e h y d e  i n  0 . 1  M p h o s p h a t e  b u f f e r  a t  pH
7 . 4 .
b)  P h o s p h a t e  b u f f e r  i s  made f rom:
-  Sodium d i h y d r o g e n  o r  thoph(s p h a t e  { P o ^  •  ^ rr>.l 3 / . 2 ^  ^  ^
-  D i s o d i u m  h y d r o g e n  o r t h o b l o s p h a t e  (  P c ^  - S'n ' t  oC
w f e  i O O  n v X ,  -J ■ JnrvoucLfi- 
P r o c e d u r e
f
Dry s e e d s ,  and s a m p l e s  o f  g e r m i n a t e d  s e e d l i n g s  w e r e  c o l l e c t e d  a t  
one d a y  i n t e r v a l  f o r  5 d a y s .  The s e e d  c o a t s  o f  g e r m i n a t e d  s e e d s  
a s  w e l l  a s  t h e  s e e d  c o a t s  o f  s e e d s  f rom o t h e r  p r o c e s s i n g s  e . g .  
c o o k i n g  a n d  c a n n i n g  w e r e  removed  by u s i n g  a s c a l p e l .  Then t h e
s a m p l e s  w e r e  p u t  i n t o  g l a s s  v i a l s .  To e a c h  g l a s s  v i a l  a b o u t  15 ml 
o f  3% g l u t a r a l d e h y d e  i n  0 . 1  M b u f f e r  (pH 7 . 4 )  was a d d e d  a n d  l e f t  
i n  t h e  f r i d g e  ( 4 - 7  C) f o r  a b o u t  f o u r  h o u r s .
2 . D e h y d r a t i o n
A c e t o n e  was  s e l e c t e d  a s  a d e h y d r a t i n g  a g e n t .  The f o l l o w i n g  
c o n c e n t r a t i o n s  o f  a c e t o n e  w e r e  p r e p a r e d : 2 0 ,  5 0 ,  7 0 ,  90 a n d  100%.
A t  t h e  end o f  t h e  f i x a t i o n  p e r i o d ,  g l u t a r a l d e h y d e  w a s  p o u r e d  o f f .
Each s a m p l e  was  d e h y d r a t e d  by s t a y i n g  f o r  a b o u t  1 t o  1 . 5  h i n
e a c h  o f  t h e  a b o v e  a c e t o n e  c o n c e n t r a t i o n s .
3 .  C r i t i c a l  p o i n t  d r y i n g  (CPD)
T h i s  p r o c e s s  d r i e s  t h e  m a t e r i a l  w i t h o u t  c a u s i n g  d e f o r m a t i o n  o f
t h e  c e l l  mem branes  due t o  w a t e r  s u r f a c e  t e n s i o n  e f f e c t s .  The
c r i t i c a l  p o i n t  o f  a  l i q u i d  i s  r e a c h e d  a t  a  c e r t a i n  t e m p e r a t u r e
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a n d  p r e s s u r e  when  t h e  g a s  a n d  l i q u i d  p h a s e s  o f  t h e  s u b s t a n c e s  
r e a c h  i n s t a n t  e q u i l i b r i u m .  C o l d  w a t e r  was  r u n  t h r o u g h  t h e  E3000 
P o l a r o n ,  t h e  c r i t i c a l  p o i n t  d r y e r  t o  r e d u c e  t e m p e r a t u r e .  S p e c i ­
mens w e r e  l o a d e d  i n  t h e  b o a t .  The C 0 2 i n l e t  v a l v e  was o p e n e d .
The v e n t  v a l v e  was  c l o s e d .  The d r a i n  was  o p e n e d  t o  remove t h e  
a c e t o n e .  The CO2 was f l u s h e d  t o  remove u n s e e n  a c e t o n e .  T hen  a l l  
v a l v e s  w e r e  c l o s e d ,  and  m a c h i n e  ( d r y e r )  was l e f t  f o r  2 h o u r s .  At  
t h e  end o f  t h e  2 h CO2 was v e n t e d .
4 .  M o u n t i n g  an d  c o a t i n g
The d r i e d  s a m p l e s  w e r e  f r a c t u r e d  by u s i n g  a s c a l p e l  . The
f r a c t u r i n g  was done  a c c o r d i n g  t o  SILVA an d  LUH's ( 1 9 7 9 )  m e t h o d  so  
t h a t  t h e  c r o s s  s e c t i o n  i n c l u d e d  t h e  e m b ry o .  T hen  t h e  s p e c i m e n  was  
a t t a c h e d  t o  13 mm s t u b s  p r o v i d e d  w i t h  d o u b l e  s i d e d  s t i c k y  t a p e s .  
The s t u b s  w e r e  p l a c e d  i n  t h e  s p e c i m e n  h o l d e r  o f  t h e  P o l a r o n  E1500 
S e r i e s  11 ,  "Coo l  S p u t t e r  C o a t e r " .  They w e r e  c o a t e d  w i t h  g o l d
p a l l a d i u m  50 mm t h i c k .
5 . V i e w in g  u n d e r  t h e  SEM
The s a m p l e s  w e r e  e x a m i n e d  a n d  p h o t o g r a p h e d  u s i n g  a  " J o e l  SM 2 5 "  
SEM a t  an  a c c e l e r a t i n g  p o t e n t i a l  o f  15 K i l o v o l t s .
RESULTS AND DISCSSION
S c a n n i n g  e l e c t r o n  m i c r o s c o p y  (SEM) h a s  b e e n  u s e d  t o  show t h e
c h a n g e s  t h a t  o c c u r  t o  t h e  c e l l  c o n s t i t u e n t s ,  an d  w h i c h  
may b e  r e l a t e d  t o  c h e m i c a l  c h a n g e s  (HSU, 1 9 8 1 ) .  The f r a c t u r i n g  o f  
t h e  d r i e d  c o t y l e d o n s  p e r m i t t e d  t h e  v i e w i n g  o f  t h e  c e l l  c o n t e n t s  
o f  t h e  s a m p l e .
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C e l l  c o m p o n e n t  o f  raw s e e d s
1 .  LAG s e e d s
The c e l l s  m e a s u r e d  a b o u t  5 2 . 4  yim. The s t a r c h  g r a n u l e s  a r e  n e a r l y  
s p h e r i c a l  an d  m e a s u r e d  a b o u t  1 8 . 6  ^m ( f i g .  3 0 ,  C ) .
2 .  JOR s e e d s
The m a j o r i t y  o f  s t a r c h  g r a n u l e s  i n  t h i s  v a r i e t y  a r e  semi  o v a l  i n  
s h a p e  a n d  m e a s u r e d  2 5 . 7  ^m i n  l e n g t h  and 2 0 . 8  ^m i n  w i d t h  ( f i g .  
3 1 ,  B an d  C ) .
3 .  SML s e e d s
The m a j o r i t y  o f  s t a r c h  g r a n u l e s  a r e  k i d n e y - s h a p e d .  The d i m e n s i o n s  
o f  t h e  g r a n u l e s  a r e  2 1 . 5  jim l o n g  a n d  8 . 5  /xm w id e  ( f i g .  3 2 ,  C ) .
4 .  AMR s e e d s
The d i m e n s i o n s  o f  t h e  c e l l  a r e  7 0 . 3  X 7 8 . 8  ^mi ( f i g .  3 3 ,  C ) .  The
s t a r c h  g r a n u l e s  a r e  s p h e r i c a l  an d  m e a s u r e  a b o u t  2 0 . 9  jfim ( f i g .  3 3 ,  
B an d  C ) .
From t h e  o b s e r v a t i o n s  o f  t h e  p r e s e n t  s t u d y ,  t h e  l e n t i l  c e l l s  
( 5 2 . 4  t o  7 8 . 8  a r e  o b v i o u s l y  s m a l l e r  t h a n  t h o s e  o f  p ea s
( d i a m .  200 (BRYANT, 1 9 8 1 ) .
I n  v a r i e t i e s  AMR, LAG, JOR, an d  SML of  t h e  p r e s e n t  s t u d y ,  t h e  
s t a r c h  g r a n u l e s  a r e  b i g g e r  ( 2 0 . 9 ,  1 8 . 6 ,  2 5 . 7 ,  an d  2 1 . 5  jfim) t h a n
t h o s e  ( 1 0 - 1 5  yum) o f  o t h e r  l e n t i l  v a r i e t i e s  w h i c h  h a v e  b e e n  
i n v e s t i g a t e d  p r e v i o u s l y  by  BRATTY an d  SLINKARD ( 1 9 7 9 ) .
C e l l  w a l l s  o f  raw s e e d s  a r e  c l e a r l y  r e c o g n i s a b l e .  The c e l l s  
a p p e a r  w e l l  s e p a r a t e d  f r o m  e a c h  o t h e r .  I n  a l l  v a r i e t i e s  o f  t h e  
p r e s e n t  s t u d y ,  p r o t e i n a c e o u s  m a t e r i a l  o c c u p i e d  t h e  s p a c e s  b e t w e e n
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Fig. 30: Scanning eiectronm icrographs of raw LAG lentils.
The following abbreviations are  to be used in all
S.E.M. figures:
A A group of cells
P Proteinaceous m ateria ls
5 Starch granules
W Cell wall
M Cell membrane
COT Cotyledons
(A) A group of cells (x 147)
(B) Two cells (x 515)
(C) S tarch granules (x 515)
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Fig. 31: Scanning e iec tro n m ic ro g ra p h s  from  co ty ledons of raw  JO R  len ti ls
(A) Top surface cells of the cotyledon (x 50)
(B) Cell with s tarch  granules (x500)
(C) Starch granules (x 5040)
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Fig. 32: Scanning e iec tro n m ic ro g ra p h s  from  cotyledcjus cells  of raw  SML lentils
(A) A group of cells (in raw lentil cotyledons) (x 1000)
(B) Starch granules (x 1000)
(C) Starch granules in a single cell (x 1500)
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t h e  s t a r c h  g r a n u l e s .  T h i s  i s  s i m i l a r  t o  r e s u l t s  r e p o r t e d  by SILVA 
and LUH ( 1 9 7 8 )  and by McEWEN e ^  a l . ( 1 9 7 4 )  who h a v e  o b s e r v e d  
membrane l i k e  m a t e r i a l  p o s s i b l y  o f  a p r o t e i n a c e o u s  n a t u r e  in  
k i d n e y  and i n  f a b a  b e a n s  r e s p e c t i v e l y .  In  a few c a s e s ,  
p r o t e i n a c e o u s  m a t e r i a l  ap pea rs  a s  s m a l l  b o d i e s  r a n g i n g  from 4 . 8  t o  
7 . 1  yim ( f i g .  3 2 A and B) . S t a r c h  g r a n u l e s  i n  m o s t  p l a n t s  a y e  
s u r r o u n d e d  by t h i n  s t r a n d s  o f  c y t o p l a s m  (MEYER, 1 9 7 8 ) .
SEM o f  f r a c t u r e d ,  raw c e l l s ,  s u g g e s t s  t h a t  a t h i n ,  p e r h a p s  p r o t e i n  
f i l m ,  e n c a p s u l a t e d  t h e  s t a r c h  g r a n u l e s  (ROCKLAND, 1 9 7 8 ) .  ^ C e l l  
w a l l  i s  u s e d  t o  d e s c r i b e  t h o s e  p o r t i o n s  o f  t h e  p l a n t  c e l l  l a y i n g  
o u t s i d e  t h e  p la sm a membra ne .  The c e l l  w a l l  p l a y s  an  i m p o r t a n t  
r o l e  i n  c e l l  g r o w t h  and d i f f e r e n t i a t i o n ,  s i n c e ,  t h e s e  e v e n t s  
i n v o l v e  c h a n g e s  i n  c e l l  s i z e  and s h a p e  (KARR, 1 9 7 6 ) .  A l s o  a c e l l  
i s  s u r r o u n d e d  by a membrane ( c e l l  m emb rane)  t h a t  s e p a r a t e s  i t  
from i t s  e n v i r o n m e n t  and e n a b l e s  i t  to  c o n t r o l  t h e  e n t r y  and  
e g r e s s  o f  s u b s t a n c e s  s e l e c t i v e l y .  M o r e o v e r ,  v i r t u a l l y  a l l  o f  t h e  
s u b c e l l u l a r  o r g a n e l l e s  a r e  made o f  o r  s u r r o u n d e d  by membranes  o r  
p i e c e s  o f  m em br an es  (BIDWELL, 1 9 7 9 ) .
E f f e c t  o f  t r e a t m e n t s  on c e l 1 c o m p o n e n t s
1 .  E f f e c t  o f  g e r m i n a t i o n  i n  AMR v a r i e t y
a ) G e r m i n a t i o n  a t  25 C
On t h e  f i r s t  d a y  o f  g e r m i n a t i o n ,  t h e r e  a r e  v i s i b l e  c h a n g e s  i n  t h e  
s h a p e  o f  s t a r c h  g r a n u l e s :  t h e  o v a l - s h a p e d  o n e s  m e a s u r e  a b o u t  1 7 . 8  
w h i l e  t h e  k i d n e y - s h a p e d  o n e s  a b o u t  2 0 . 7  pm ( f i g .  34 B)  . On t h e  
t h i r d  day o f  g e r m i n a t i o n ,  f u r t h e r  c h a n g e s  a r e  o b s e r v e d  i n  t h e  
s t a r c h  g r a n u l e s :  t h e  o v a l - s h a p e d  o n e s  t e n d  t o  b e c o m e  s p h e r i c a l .
As  g e r m i n a t i o n  t i m e  i n c r e a s e s ,  t h e  s t a r c h  g r a n u l e s  be com e  m o r e  
e a s i l y  b r e a k a b l e ,  and t h e r e  a r e  m o r e  g r a n u l e s  w i t h  s h a p e s  i n  
b e t w e e n  k i d n e y  and s p h e r i c a l .  The s u r f a c e  o f  t h e  g r a n u l e s  be com e  
rou gh  ( p o r o u s ) .  The d i m e n s i o n s  o f  s t a r c h  g r a n u l e s  a f t e r  5 d a y s  
a r e  b e t w e e n  1 8 . 4  an d  2 0 . 6  Ja m (f ig .  3 6 ,  B ) .  D u r i n g  g e r m i n a t i o n  a t
26 0
Fig. 33: Scanning e iec tro n m ic ro g ra p h s  from  co ty led o n s  of raw AMR
(A) The cells beneath the whole cells in dry lentil cotyledon (x 450
(B) A single cell contains s tarch  granules and proteinaceous m ateria l (x 700)
(C) A group of cells (x 700)
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25 C some s t a r c h  g r a n u l e s  show a h o l l o w  ( f i g .  3 6 ,  A) an d  some 
show d e g r a d a t i o n  ( f i g .  36 ,  B ) .  S i m i l a r  o b s e r v a t i o n s  h a v e  b e e n
r e p o r t e d  by DUFFUS ( 1 9 8 4 )  i n  g e r m i n a t e d  b a r l e y .  C e l l  w a l l  h a s  
b e e n  a f f e c t e d .  C hanges  i n  c e l l  f i n e  s t r u c t u r e  i n  t h e  c o t y l e d o n s  
o f  b e a n s  ( P h a s e o l u s  v u l g a r i s ) d u r i n g  g e r m i n a t i o n  h a v e  b e e n  
r e p o r t e d  (OPIK,  1 9 6 6 ) .
E l e c t r o n  m i c r o s c o p i c  o b s e r v a t i o n s  i n d i c a t e  t h a t  a s  g e r m i n a t i o n  
t i m e  i n c r e a s e s ,  t h e  g a p s  b e t w e e n  s t a r c h  g r a n u l e s  become l a r g e r .  
T h i s  s u g g e s t s  an  a g r e e m e n t  b e t w e e n  t h e  SEM o b s e r v a t i o n s  an d  t h e  
c h e m i c a l  a n a l y s i s  w h i c h  shows a d e c r e a s e  i n  s t a r c h  c o n t e n t .
b )  G e r m i n a t i o n  a t  35 C
On t h e  t h i r d  day  o f  g e r m i n a t i o n  a t  35 C, t h e  o v a l - s h a p e d  s t a r c h
g r a n u l e s  m e a s u r e  1 6 . 2  um, k i d n e y - s h a p e d  o n e s  2 3 . 8  pm ( f i g .  37 A ) .
More s p a c e s  a r e  o b s e r v e d  b e t w e e n  t h e  s t a r c h  g r a n u l e s  o f  s e e d s  
g e r m i n a t e d  a t  35 C. At  t h e  h i g h e r  t e m p e r a t u r e ,  t h e  s t a r c h  g r a n u l e s  
a r e  no l o n g e r  w h o l e  an d  s l i g h t  f r a c t u r e s  a p p e a r  on t h e  s u r f a c e  o f  
t h e  g r a n u l e s  ( f i g .  3 7 B ) . A l s o  o v a l  and k i d n e y  g r a n u l e s  become
semi  o v a l  an d  semi  k i d n e y  r e s p e c t i v e l y  and m e a s u r e  b e t w e e n  1 8 . 2  
an d  2 2 . 9  ^m ( f i g .  3 7 B ) .  The s u r f a c e  o f  t h e  g r a n u l e s  beco m e sm o re  
f r a g i l e  an d  p o r o u s  c o m p ar ed  t o  t h e  g r a n u l e s  a t  t h e  e a l i e r  s t a g e s  
o f  g e r m i n a t i o n .  On t h e  f i f t h  d a y  o f  g e r m i n a t i o n  a t  35 C,
d i m e n s i o n s  o f  t h e  s t a r c h  g r a n u l e s  r a n g e  f rom 1 6 . 5  to  2 5 . 0  pm 
( f i g . 3 8 B ) .  R o u g h n e s s  o f  t h e  s u r f a c e  o f  s t a r c h  g r a n u l e s  h a s  a l s o
b e e n  o b s e r v e d  by SILVA and LUH ( 1 9 7 8 )  i n  g e r m i n a t e d  k i d n e y  b e a n  
s e e d l i n g s  a s  t h e y  a g e .
2 . Canned  s e e d s
I n  c a n n e d  s e e d s ,  t h e  c e l l  d i m e n s i o n s  i n c r e a s e d ^ 7 0 . 3  t o  8 0 . 6  ^m i n  
d i a m e t e r .  S t a r c h  g r a n u l e s  l o s e  t h e i r  s h a p e ,  become r o u g h ,  and  
show a  l o s s  o f  b i r e f r i n g e n c e  w i t h  g e l a t i n i z a t i o n  o f  s t a r c h  t a k i n g  
p l a c e ,  w h i l e  t h e i r  d i m e n s i o n s  c h a n g e  f rom b e i n g  c i r c u l a r  ( 2 0 . 9  ym 
i n  d i a m e t e r )  i n  d r y  s e e d s  t o  b e i n g  o v a l  s h a p e d  ( 3 2 . 5  x 1 7 . 0  ^ )
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Fig. 34: Scanning e iec tro n m ic ro g ra p h s  of AMR g e rm in a te d  for
one day a t  25°C .
(A) Starch granules (x 1100)
(B) S tarch granules (x 1100)
2 6 4
m
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Fig. 35: Scanning e iec tro n m ic ro g ra p h s  from  co ty ledons  of cells
of AMR g e rm in a te d  for th re e  days.
(A) A group of cells (x 70)
(B) S tarch granules (x 1000)
2 6 6
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Fig. 36: Scanning e ie c tro n m ic ro g ra p h s  of AMR g e rm in a ted  fo r 5 days a t  25°C
(A) A group of cells (x 700)
(B) A cell s ta rch  granules and proteinaceous m ateria l (x 1000)
2 6 8
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Fig. 37: Scanning e iec tro n m ic ro g ra p h s  from  co ty ledon  cells
of AMR g e rm in a te d  for th re e  days a t  35°C
(A) A number of cells (x 720)
(B) The surface of a s trach  granule (x 3085)
2 7 0
«
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Fig. 38: Scanning eiectronm icrographs from cotyledon cells of
AMR germ inated for five days a t  35°C
(A) A group of cells (x 100)
(B) Starch granules and proteinaceous material (x 1500)
2 7  2
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( f i g . 3 9 0  .
3 . Cooked s e e d s
The s t a r c h  g r a n u l e s  i n  c o o k e d  c e l l s  ( f i g .  4 0 A )  a r e  com par ed h e r e
w i t h  t h o s e  o f  raw s e e d s  ( f i g .  3 3 C ) .  The d i a m e t e r  o f  s t a r c h
sizey
g r a n u l e s  i n  t h e  l a t t e r  a r e  ( 2 0 . 9  ^m) and th e .  ^ o f  s t a r c h  g r a n u l e s  
i n  c o o k e d  o n e s  iS 2 8 . 3  x 2 4 . 6  y m . Due to  t h e  i n c r e a s e  i n
t e m p e r a t u r e ,  d e f o r m a t i o n  and  c o n f i g u r a t i o n a l  c h a n g e s  h a v e  t a k e n  
p l a c e  and t h e  c e l l s  become s e p a r a t e d .
S i m i l a r  o b s e r v a t i o n s  h a v e  a l r e a d y  b e e n  m e n t i o n e d  by MEYER ( 1 9 7 8 )  
who h a s  r e p o r t e d  t h a t  whe n v e g e t a b l e s  a r e  c o o k e d ,  c e l l s  may be  
o b s e r v e d  s e p a r a t i n g ,  r u p t u r i n g ,  s h r i n k i n g  o r  a c o m b i n a t i o n  o f  
t h e s e  may t a k e  p l a c e .
4 . S t o r e d  s e e d s
S t o r a g e  f o r  o n e  y e a r  a t  25 C h a s  l i t t l e  e f f e c t  on c e l l  s i z e  and  
s h a p e  o f  s t a r c h  g r a n u l e s  ( f i g .  4 1 C ) .
S t o r a g e  f o r  on e  y e a r  a t  35 C h a s  a f f e c t e d  t h e  p r o t e i n a c e o u s  
m a t e r i a l  w h i c h  now l o o k s  l i k e  s t r a n d s  i n s t e a d  o f  t h e  amorph ous  
l a y e r  i t  was  b e f o r e  ( f i g .  4 2 B ) .
The m o s t  p r o m i n e n t  c o m p o n e n t s  o f  c o t y l e d o n  c e l l s  o f  l e n t i l s  a r e  
s t a r c h  and p r o t e i n .  From t h e  p r e v i o u s  d i s c u s s i o n s ,  SEM c o u l d  be  
u s e d  a s  a u s e f u l  t o o l  o r  t e c h n i q u e  t o  r e v e a l  t h e  s t r u c t u r e  o f  t h e  
c o n t e n t s  o f  t h e  c o t y l e d o n o u s  c e l l s  o f  l e n t i l s  and l a t  e r  t h e  
c h a n g e s  i n  t h e s e  due  t o  d i f f e r e n t  t r e a t m e n t s  e . g .  g e r m i n a t i o n ,  
c o o k i n g  an d c a n n i n g  be  e l u c i d a t e d .  A l o n g s i d e  w i t h  c h e m i c a l
and b i o c h e m i c a l  a n a l y s i s ,  SEM s t u d i e s  may p r o v i d e  f u r t h e r  
i n f o r m a t i o n ,  and i n  some c a s e s  w i l l  d e t e c t  some q u a l i t a t i v e  
c h a n g e s  i n  t h e  m a j o r  c o m p o n e n t s  o f  t h e  c e l l  a s  w a s  f o u n d  i n  t h e  
p r e s e n t  s t u d y .  I n  l e n t i l s  s t o r e d  a t  t h e  h i g h e r  t e m p e r a t u r e  (35  
C ) ,  t h e  s h a p e  o f  t h e  p r o t e i n a c e o u s  m a t e r i a l  h a s  c h a n g e d ,  and s u c h
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c h a n g e s  c a n n o t  be  d e t e c t e d  by c h e m i c a l  a n a l y s i s .
From t h e  p r e s e n t  s t u d y ,  i t  may be  c o n c l u d e d  t h a t  t h e  s t o r a g e  o f  
l e n t i l s  a t  h i g h e r  t e m p e r a t u r e s  a r e  to  b e  a v o i d e d .
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FÎR. 39: Scanning eiectronm icrographs of canned AMR seeds
(A) Changes in starch (x 315)
(B) A group of cells (x 736)
(C) A cell containing starch granules (x 1105)
2 7 6
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Fig. 40: Scanning eiectronm icrographs of cooked AMR
(A) A group of cells (x 338)
(B) A cell containing starch granules (x 750)
(C) A single cell (x 1125)
2 7 8
m
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Fig. 41: Scanning eiectronm icrographs from cotyledons
cells of AMR stored for 1 year a t  25°C
(A) The whole view (x 110)
(B) Starch granules (x 1600)
2 8 0
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Fig. 42: Scanning eiectronm icrographs from cotyledon cells of
AMR stored for 1 year a t  35°C
(A) AMR dry seeds at 35°C, whole view (x 70)
(B) The whole (x 450)
(C) A cell containing starch granules and proteinaceous material (x 700)
2 8 2
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G e n e r a l  D i s c u s s i o n  on S e c t i o n  I I
The p r e v i o u s  n u t r i e n t s  n a m e l y ,  c a r b o h y d r a t e s ,  l i p i d s ,  p r o t e i n s  
and v i t a m i n s :  v i t a m i n  C, t h i a m i n e  and r i b o f l a v i n  w e r e
i n v e s t i g a t e d  a f t e r  home p r o c e s s i n g  ( s o a k i n g  + c o o k i n g ) ,  a f t e r  
c a n n i n g  and  a f t e r  s t o r a g e  o f  c a n n e d  l e n t i l  s e e d s .
The r e s u l t s  w i l l  be  e x p r e s s e d  on a pe r  100  g dry  w e i g h t  b a s i s ,  
and t h e  v a r i e t y  p r o d u c i n g  t h e  m a x i m a l  amount  o f  e a c h  n u t r i e n t  
d i s c u s s e d  f u r t h e r .
1 . Home p r o c e s s i n g
Dry u n p r o c e s s e d  AMR s e e d s  c o n t a i n  5 1 . 1  g t o t a l  a v a i l a b l e  c a r b o ­
h y d r a t e s ,  and when c o o k e d  t h e r e  wa s  a s i g n i f i c a n t  d e c r e a s e  to  
4 1 . 9  g .  Dry SML s e e d s  c o n t a i n  4 . 8  g c r u d e  f i b r e ,  w h i c h  i n c r e a s e d  
to  5 . 5  g a f t e r  c o o k i n g .  JOR dry  s e e d s  c o n t a i n  1 . 3  g t o t a l  l i p i d s  
w h i c h  d e c r e a s e d  t o  1 . 1  g on  c o o k i n g .
SML s e e d s  c o n t a i n  2 7 . 5  g (74% RDA) p r o t e i n  w h i c h  d e c r e a s e d  t o  
2 6 . 2  g (70% RDA) on c o o k i n g .  Home p r o c e s s i n g  t h e r e f o r e  r e s u l t e d  
i n  a s l i g h t  l o s s  i n  p r o t e i n  am in o  a c i d s .
Dry JOR s e e d s  c o n t a i n  5 . 6  mg v i t a m i n  C (19% RDA),  w h i c h  d e c r e a s e d  
to  2 . 2  mg (7% RDA) a f t e r  c o o k i n g .  The t h i a m i n e  c o n t e n t  o f  d r y  AMR 
s e e d s  i s  0 . 5 7  mg (47% RDA),  d e c r e a s i n g  t o  0 . 3 0  mg (25% RDA) a f t e r  
c o o k i n g .  Dry LAG s e e d s  c o n t a i n  0 . 3 8  mg r i b o f l a v i n  (21% RDA) w h i c h  
d e c r e a s e d  t o  0 . 2 3  mg (13% RDA) a f t e r  c o o k i n g .
Two o f  t h e  c h e m i c a l s  ammonium c a r b o n a t e  and t r i s o d i u m  p h o s p h a t e  
when a d d e d  t o  t h e  s o a k i n g  s o l u t i o n  w e r e  s u c c e s s f u l l y  u s e d  i n  t h e  
p r e s e n t  s t u d y  t o  r e d u c e  t h e  c o o k i n g  t i m e  o f  u n p r o c e s s e d  l e n t i l  
s e e d s .
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2 .  Canning and s t o r a g e  of  canned product
I n  t h e  c a n n e d  p r o d u c t s ,  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  o f  AMR w e r e  
fo u n d  t o  b e  4 6 . 0  g w h i c h  d e c r e a s e d  t o  4 0 . 5  g a t  t h e  end o f  one  
y e a r  s t o r a g e  a t  25 C. T o t a l  l i p i d s  i n  JOR w e r e  f o u n d  t o  b e  1 . 0  
and a f t e r  on e  y e a r  s t o r a g e  a t  25 C i t  d e c r e a s e d  t o  0 . 8  g . In  
t o t a l  l i p i d s ,  h i g h e r  l o s s e s  t o o k  p l a c e  d u r i n g  t h e  s t o r a g e  p e r i o d  
com par ed  t o  t h e  l o s s e s  due  t o  c a n n i n g .  Crud e  f i b r e  o f  c a n n e d  SML 
p r o d u c t  was  4 . 8  g , w h i c h  i n c r e a s e d  t o  5 . 8  g a f t e r  t w e l v e  m ont h  
s t o r a g e  a t  25 C.
Canned SML s e e d s  w e r e  f o u n d  t o  c o n t a i n  2 5 . 2  g (67% RDA) p r o t e i n .  
A f t e r  on e  y e a r  s t o r a g e  a t  25 C i t  d e c r e a s e d  t o  2 2 . 6  g (61% RDA).  
A s l i g h t l y  g r e a t e r  l o s s  (57% RDA) o c c u r r e d  d u r i n g  s t o r a g e  f o r  one  
y e a r  a t  35 C. L o s s e s  i n  p r o t e i n  a m i n o  a c i d s  e s p e c i a l l y  a f t e r  
c a n n i n g  a nd  s t o r a g e  f o r  o n e  y e a r  a t  25 C t o o k  p l a c e .  S t o r a g e  f o r  
one  y e a r  a t  35 C c a u s e d  s l i g h t  i n c r e a s e d  l o s s e s  i n  p r o t e i n  am in o  
a c i d s  .
V i t a m i n  C o f  c a n n e d  JOR s e e d s  was  f o u n d  t o  b e  3 . 3  mg (11% RDA) 
w h i c h  a f t e r  t w e l v e  m o n th  s t o r a g e  a t  25 C d e c r e a s e d  t o  2 . 6  mg (8% 
RDA) and a t  35 C d e c r e a s e d  f u r t h e r  t o  1 . 9  mg (6% RDA). T h i a m i n e  
i n  c a n n e d  AMR f e l l  t o  0 . 4  mg (33% RDA). A f t e r  one  y e a r  s t o r a g e  a t
25 C i t  d e c r e a s e d  t o  0 . 3 2  mg (26% RDA).  In  c a n n e d  SML r i b o f l a v i n
d e c r e a s e d  fr om  0 . 3 8  mg (21% RDA) t o  0 . 3 0  mg (16% RDA).
A f t e r  one  y e a r  s t o r a g e  a t  25 C i t  d e c r e a s e d  t o  0 . 2 5  mg (13% RDA).
S t o r a g e  f o r  o n e  y e a r  a t  35 C c a u s e d  more  l o s s e s  i n  t h a i m i n e  than  
i n  r i b o f l a v i n .
From t h e  a b o v e  d i s c u s s i o n  i t  a p p e a r s  t h a t  s t o r a g e  f o r  12 m o n t h s  
a t  35 C r e s u l t e d  i n  m ore  l o s s e s  o f  m o s t  n u t r i e n t s  u n d e r  
i n v e s t i g a t i o n .  I t  i s  s t r o n g l y  recommended t h e r e f o r e  n o t  to  s t o r e  
c a n n e d  l e n t i l s  a t  35 C, i f  a t  a l l  p o s s i b l e .
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From t h e  p r e s e n t  s t u d y  i t  ca n  be c o n c l u d e d ,  t h a t  c a n n i n g  f o l l o w e d  
by one y e a r  s t o r a g e  a t  25 C or  35 C d e c r e a s e d  t h e  n u t r i t i v e  v a l u e  
o f  l e n t i l s  compared t o  home p r o c e s s i n g .  F u r t h e r m o r e ,  c a n n i n g  a d d s  
f u t h e r  e x p e n s e s  to  t h e  p r i c e  o f  d r y  u n p r o c e s s e d  l e n t i l  s e e d s ,  
t h e r e f o r e  from t h e  n u t r i t i o n a l  p o i n t  o f  v i e w ,  i t  i s  h i g h l y  d e s i ­
r a b l e  t h a t  l e n t i l s  a r e  co ns um ed  a f t e r  home p r o c e s s i n g .
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CHAPTER IX
GENERAL CONCLUSIONS
Four l e n t i l  v a r i e t i e s ;  two  S y r i a n  , one  Jorda m on an d t h e  f o u r t h  
A m e r i c a n  w e r e  u s e d  i n  t h e  p r e s e n t  s t u d y .  The w e i g h t  o f  100  s e e d s  
i n  g r a n g e d  f r o m  2 . 7  (SML) to  7 . 1  (LAG); LAG and AMR a r e  m a c r o -  
sperma w h i l e  JOR and SML a r e  m i c r o s p e r m a .  The m o i s t u r e  c o n t e n t  
r a n g e d  from 8 . 1  to 10 .1 %.  The m a j o r  s u g a r s  i d e n t i f i e d  i n  t h e  d r y  
s e e d s  w e r e  s t a c h y o s e  ( m o st  a b u n d a n t ) ,  s u c r o s e  ( n e x t  m o s t  
a b u n d a n t ) ,  r a f f i n o s e ,  w i t h  m a n n i n o t r i o s e  i n  s m a l l  a m o u n t s ,  and  
c e l l o b i o s e  i n  t r a c e  a m o u n t s .
I n  l e n t i l  s e e d l i n g s  grown i n  t h e  d a r k  a t  25 C, m o n o s a c c h a r i d e s  
( g l u c o s e  and f r u c t o s e )  i n c r e a s e d ,  d i s a c c h a r i d e s  ( s u c r o s e )  a l s o  
i n c r e a s e d ,  w h i l e  t h e  o l i g o s a c c h a r i d e s  ( s t a c h y o s e  and r a f f i n o s e )  
d e c r e a s e d  a t  d i f f e r e n t  r a t e s ,  b u t  b o t h  had d i s a p p e a r e d  by t h e  
f i f t h  d a y  o f  g e r m i n a t i o n .  T o t a l  a v a i l a b l e  c a r b o h y d r a t e s  o f  
l e n t i l s  r a n g e d  from 4 6 . 8  t o  5 1 . 1  g / 1 0 0  g dry  w t , ,  e t h a n o l - s o l u b l e  
s u g a r s  o f  t h e  f o u r  v a r i e t i e s  r a n g e d  f ro m  2 . 4 9  t o  3 . 2 6  g / 1 0 0  g dry  
w t . The e t h a n o l - s o l u b l e  s u g a r s  o f  a l l  f o u r  v a r i e t i e s  w e r e  
s l i g h t l y  h i g h e r  ( a p p .  2%) th a n  t h o s e  o f  o t h e r  v a r i e t i e s  a s  
r e p o r t e d  by BHATTY and SLINKARD ( 1 9 7 9 ) .  D u r i n g  g e r m i n a t i o n  a t  25  
C i n  t h e  d a r k  t o t a l  a v a i l a b l e  c a r b o h y d r a t e s  d e c r e a s e d ,  s t a r c h e s  
and d e x t r i n s  d e c r e a s e d ,  and s o l u b l e  s u g a r s  i n c r e a s e d .
T o t a l  l i p i d s  o f  t h e  f o u r  v a r i e t i e s  u n d e r  i n v e s t i g a t i o n  w e r e  f o u n d  
to  r a n g e  from 0 . 9 6  to  1 . 3 2  g / 1 0 0  g dr y  w t , so  t h e y  h a v e  a low  
l i p i d  c o n t e n t .  D e c r e a s e s  i n  l i p i d  c o n t e n t s  o c c u r  r a p i d l y  d u r i n g  
g e r m i n a t i o n .  Cru de  f i b r e s  o f  t h e  v a r i e t i e s  t e s t e d  r a n g e d  f r o m  
3 . 7 0  to  4 . 8 6  g . A s u b s t a n t i a l  i n c r e a s e  i n  c r u d e  f i b r e  t o o k  p l a c e  
d u r i n g  g e r m i n a t i o n .
P r o t e i n  c o n t e n t  o f  d r y  s e e d s  v a r i e d  from  2 4 . 1  to  2 7 . 6  g / l O O g  dr y  
w t . I n  l e n t i l  s e e d l i n g s  grown a t  25 C i n  t h e  d a r k ,  p r o t e i n  
c o n t e n t  d e c r e a s e d .  T h i s  c o u l d  be a t t r i b u t e d  t o  t h e  f a c t  t h a t
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p r o t e i n  s y n t h e s i s  had n o t  y e t  s t a r t e d .  The r a t e  o f  d e c r e a s e  w as  
h i g h  i n  t h e  f i r s t  24 h o u r s ,  t h e r e a f t e r  i t  c o n t i n u e d  t o  d e c r e a s e  
as  g e r m i n a t i o n  p r o c e e d e d  b u t  a t  a s l o w e r  r a t e .
I n  l e n t i l s  e i g h t e e n  p r o t e i n  am in o  a c i d s  w e r e  i d e n t i f i e d :  t r y p t o p ­
h a n ,  l y s i n e ,  h i s t i d i n e ,  a r g i n i n e ,  a s p a r t i c  a c i d ,  g l u t a m i c  a c i d ,  
t h r e o n i n e ,  p r o l i n e ,  g l y c i n e ,  a l a n i n e ,  c y s t e i n e ,  v a l i n e ,
m e t h i o n i n e ,  l e u c i n e ,  i s o l e u c i n e ,  s e r i n e ,  t y r o s i n e  and p h e n y l ­
a l a n i n e .  The p r o t e i n  a m i n o  a c i d s  c o n t e n t  v a r i e d  fr om  8 0 . 8  t o  8 3 . 5  
g / l O O g  p r o t e i n ,  w h i c h  was  shown t o  d e c r e a s e  d u r i n g  g e r m i n a t i o n .
The c h e m i c a l  s c o r e  o f  p r o t e i n  r a n g e d  from 2 2 - 2 8 ,  and t h e  l i m i t i n g  
amino a c i d  was  m e t h i o n i n e .  C h e m i c a l  s c o r e  ( p r o t e i n  q u a l i t y )
d e c r e a s e d  on g e r m i n a t i o n ,  on a v e r a g e  by  13 p o i n t s .
E i g h t  f r e e  amino  a c i d s  w e r e  i d e n t i f i e d  and w e r e  p r e s e n t  i n  
v a r i a b l e  q u a n t i t i e s :  t h e  p r e d o m i n a n t  o n e s  w e r e  a r g i n i n e ,  g l u t a m i c  
a c i d  and a s p a r t i c  a c i d .  D u r i n g  g e r m i n a t i o n  a l l  f r e e  am in o  a c i d s  
i n c r e a s e d  , w i t h  g l u t a m i c  a c i d ,  a s p a r t i c  a c i d  a n d  a r g i n i n e
i n c r e a s i n g  t h e  m o s t .
L e n t i l  d r y  s e e d s  a r e  n o t  a v e r y  g o o d  s o u r c e  o f  v i t a m i n  C, b u t  
t h e y  a r e  a g o o d  s o u r c e  o f  t h e  B v i t a m i n s ,  t h i a m i n e  and r i b o ­
f l a v i n .  V i t a m i n  C r a n g e d  f ro m  2 . 2  to  5 . 6  mg/ l OO g dr y  w t , and a t  
t h e  end o f  t h e  5 - d a y  g e r m i n a t i o n  p e r i o d ,  v i t a m i n  C i n c r e a s e d  9 t o  
2 0 - f o l d .  T h i a m i n e  and r i b o f l a v i n  i n c r e a s e d  a s  w e l l ,  b u t  t h e
i n c r e a s e  a f t e r  g e r m i n a t i o n  was  n o t  a s  h i g h  as  t h a t  o f  v i t a m i n  C 
( 0 . 6  to 0 . 8 - f o l d  and  f r o m  1 . 6  to  2 . 5 - f o l d ) .  T h e r e f o r e  w h i l e  
g e r m i n a t e d  s e e d l i n g s  a r e  a b e t t e r  s o u r c e  o f  v i t a m i n  C, t h e  s e e d s  
a r e  a g o o d  s o u r c e  o f  t h i a m i n e  and r i b o f l a v i n .
D u r i n g  g e r m i n a t i o n ,  t h e  c h e m i c a l  and b i o c h e m i c a l  c h a n g e s  t h a t  
o c c u r  i n  t h e  s e e d s  f a l l  i n t o  two m a i n  c a t e g o r i e s :
( 1 )  h y d r o l y s i s  o f  c e r t a i n  c o m p o u n d s ,  and
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( 2 )  t h e  s y n t h e s i s  o f  new compo und s  from t h e  b r e a k d o w n  p r o d u c t s  
formed  (MAYER and POLJAKOFF-MAYBER, 1 9 7 5 ) .
As  a r e s u l t  o f  g e r m i n a t i o n  a t  25 C i n  t h e  l i g h t ,  t h e  r a t e  o f  
i n c r e a s e  i n  t h e  m o n o s a c c h a r i d e s  g l u c o s e  and f r u c t o s e  and t h e  
d i s a c c h a r i d e  s u c r o s e ,  was  h i g h e r  t h a n  i n  d a r k - g r o w n  s e e d l i n g s  ( 2 5  
C ) .  The d e c r e a s e  i n  t h e  o l i g o s a c c h a r i d e s ,  r a f f i n o s e  and s t a c h y o s e  
was n o t  a s  m a r k e d .
T o t a l  a v a i l a b l e  c a r b o h y d r a t e s  d e c r e a s e d  by a b o u t  (1 8 % ) ,  s t a r c h e s  
and d e x t r i n s  a l s o  d e c r e a s e d  ( r a n g i n g  from 18 t o  29 % ) .  T h e s e  
r e s u l t s  w e r e  u n e x p e c t e d  s i n c e  c a r b o h y d r a t e s  u s u a l l y  i n c r e a s e  i n  
l i g h t .  The r e a s o n  why t h i s  i s  n o t  t h e  c a s e  h e r e  i s  p o s s i b l y  d u e  
to  t h e  s i z e  o f  t h e  l e a v e s  w h i c h  a r e  v e r y  s m a l l  and t h e r e f o r e  t h e y  
can n o t  p h o t o s y n t h e s i z e  f a s t  enoug h f o r  an a c c u m u l a t i o n  o f  
c a r b o h y d r a t e s .
A r a p i d  d e c r e a s e  i n  t o t a l  l i p i d s  w a s  o b s e r v e d ,  and t h e y  
d i s a p p e a r e d  c o m p l e t e l y  a t  t h e  end o f  t h e  5 d a y - g e r m i n a t i o n  
p e r i o d .
On t h e  o t h e r  h a n d ,  c r u d e  f i b r e s  i n c r e a s e d  s u b s t a n t i a l l y .  The  
p r o t e i n  c o n t e n t  o f  s e e d l i n g s  grown a t  25 C i n  t h e  l i g h t  d e c r e a s e d  
g r a d u a l l y ;  a 24% d e c r e a s e  o f  t h e  o r i g i n a l  s e e d  p r o t e i n  w a s  
o b s e r v e d  on  t h e  f i f t h  da y  a f t e r  g e r m i n a t i o n .  I n  a l l  s e e d l i n g s  
grown i n  t h e  l i g h t ,  t h e  p r o t e i n  a m in o  a c i d s  d e c r e a s e d .  The  
d e c r e a s e  i n  e s s e n t i a l  amino  a c i d s ,  c a u s e d  a r e d u c t i o n  i n  p r o t e i n  
q u a l i t y  a s  t h e  c h e m i c a l  s c o r e  was  on t h e  w h o l e  13 p o i n t s  l o w e r .  
F r e e  amino  a c i d s  i n c r e a s e d  i n  t h e  r a n g e  ( x 2 . 6  to x 4 . 0 )  d u r i n g  
g e r m i n a t i o n  a t  25 C i n  t h e  l i g h t ,  w i t h  g l u t a m i c  a c i d  and  a s p a r t i c  
a c i d  b e i n g  t h e  m o s t  a b u n d a n t  f r e e  am in o a c i d s .
The r e s p o n s e  o f  t h e  t h r e e  v i t a m i n s  o f  l e n t i l s  s t u d i e d  h e r e  and  
grown a t  25 C i n  l i g h t  was  d i f f e r e n t  to  t h a t  grown i n  t h e  d a r k  a t
25 C. V i t a m i n  C i n c r e a s e d  s i g n i f i c a n t l y ,  b u t  l e s s  so  t h a n  i n  t h e
d a r k ;  t h i a m i n e  c o n t e n t  was  h i g h e r  th a n  t h a t  i n  t h e  d a r k ;
r i b o f l a v i n  i n c r e a s e d  s l i g h t l y ,  b u t  m o r e  s l o w l y  t h a n  i n  d a r k - g r o w n
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s e e d l i n g s  .
I n  g e n e r a l  t e r r a s ,  c h a n g e s  i n  t h e  n u t r i e n t s  o f  s e e d l i n g s  grown i n
t h e  l i g h t  w e r e  c h a r a c t e r i s e d  by e i t h e r
( i )  a g r a d u a l  i n c r e a s e  t h r o u g h o u t  th e  g e r m i n a t i o n  d u r a t i o n  e . g .  
s u g a r s  and  v i t a m i n s ,  or
( i i )  a g r a d u a l  d e c r e a s e  e . g .  p r o t e i n s .
L e n t i l  s e e d l i n g s  grown i n  t h e  l i g h t  h a v e  a h i g h e r  p r o t e i n  c o n t e n t  
th an  t h o s e  grown i n  t h e  d a r k .  A l t h o u g h ,  t h e  i n c r e a s e  i n  v i t a m i n  C 
was n o t  a s  h i g h  a s  i n  d a r k - g r o w n  s e e d l i n g s ,  i t  was  s t i l l  f o u n d  i n
h i g h e r  a m o u n ts  th an  i n  dry s e e d s .  T h i s  i s  a n o t h e r  a d v a n t a g e
n u t r i t i o n a l l y  f o r  u s i n g  l i g h t - g r o w n  l e n t i l  s e e d l i n g s .
I n  l e n t i l  s e e d l i n g s  grown i n  t h e  d a r k  a t  t h e  h i g h e r  t e m p e r a t u r e  
(35 C ) ,  t h e  m o n o s a c c h a r i d e s  ( g l u c o s e  and f r u c t o s e )  and t h e  d i s a c ­
c h a r i d e  ( s u c r o s e )  i n c r e a s e d  r a p i d l y  and r e a c h e d  t h e i r  maximum 
c o n t e n t  e i t h e r  on t h e  s e c o n d  o r  t h i r d  day o f  g e r m i n a t i o n ,  a f t e r  
w h i c h  t h e y  d e c r e a s e d .  The maximum c o n t e n t  o f  f r u c t o s e  and g l u c o s e  
ra n g e d  fr om  0 . 9 6  to 1 . 8 9  g / l O O g  a nd  f r o m  1 . 3 6  to  2 . 2 7  g / l O O g  
r e s p e c t i v e l y ,  w h i l e  maximum s u c r o s e  c o n t e n t  v a r i e d  f r o m  1 . 6 7  t o  
2 . 8 5  g / l O O g .  In  t e r m s  o f  o l i g o s a c c h a r i d e s ,  r a f f i n o s e  d i s a p p e a r e d  
a l m o s t  c o m p l e t e l y  on t h e  f i r s t  d a y ,  w h i l e  s t a c h y o s e  a f t e r  t h r e e  
d a y s  o f  g e r m i n a t i o n .  T o t a l  a v a i l a b l e  c a r b o h y d r a t e s  d e c r e a s e d  a s  
d i d  s t a r c h e s  and d e x t r i n s ,  w h i l e  s o l u b l e  s u g a r s  i n c r e a s e d  t o  a 
maximum and t h e n  d e c r e a s e d .  Cru de  f i b r e  i n c r e a s e d  s u b s t a n t i a l l y .  
D e c r e a s e s  i n  t o t a l  l i p i d s  w e r e  m o r e  r a p i d  t h a n  t h o s e  o f  t o t a l  
c a r b o h y d r a t e s  and o f  p r o t e i n s ,  and d i s s a p p e a r e d  i n  a l l  v a r i e t i e s  
on t h e  f o u r t h  d a y  o f  g e r m i n a t i o n .
I n  l e n t i l  s e e d l i n g s  grown a t  35 C i n  t h e  d a r k ,  t h e  d e c r e a s e  i n  
p r o t e i n  c o n t e n t  w as  r a p i d  d u r i n g  t h e  f i r s t  24 h o f  g e r m i n a t i o n ,  
a f t e r  w h i c h  i t  d e c r e a s e d  g r a d u a l l y .  At  t h e  end o f  g e r m i n a t i o n  
t i m e  a b o u t  45% o f  t h e  p r o t e i n  was  l o s t .  At  35 C a l l  p r o t e i n  a m in o  
a c i d s  d e c r e a s e d ,  as  d i d  p r o t e i n  q u a l i t y .  The p r o t e i n  c h e m i c a l
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s c o r e  a t  t h e  end o f  t h e  g e r m i n a t i o n  p e r i o d  d e c r e a s e d  by 14  
p o i n t s .  The r a n g e  o f  f r e e  amino  a c i d s  i n c r e a s e d  fr om  3 . 7  t o  5 . 8 -  
f o l d .  D u r i n g  g e r m i n a t i o n  o f  l e n t i l s  a t  t h e  h i g h e r  t e m p e r a t u r e  (35  
C ) ,  v i t a m i n  C, t h i a m i n e  and r i b o f l a v i n  showed s i m i l a r  r e s p o n s e s :  
t h e  t r e n d  was  a r a p i d  i n c r e a s e  d u r i n g  t h e  f i r s t  48  h or  s o ,
f o l l o w e d  by a g r a d u a l  d e c r e a s e .  V i t a m i n  C a t  t h e  end o f  t h e  5
d a y - g e r m i n a t i o n  p e r i o d  was  s t i l l  h i g h e r ,  t h i a m i n e  w a s  f o u n d  i n  
much l o w e r  a m o u n t s ,  and r i b o f l a v i n  was  f o u n d  t o  be  j u s t  s l i g h t l y
l o w e r  t h a n  i n  dry s e e d s .
The h i g h e r  t e m p e r a t u r e  o f  35 C e x e r t s  a c o n s i d e r a b l e  i n f l u e n c e  on 
t h e  c h e m i c a l  and b i o c h e m i c a l  c o m p o n e n t s  s t u d i e d  i n  g e r m i n a t e d  
l e n t i l s :  i n  t h e  e a r l y  s t a g e s  o f  g e r m i n a t i o n  t h e r e  i s  e i t h e r  a
r a p i d  e a r l y  i n c r e a s e  f o l l o w e d  by a d e c r e a s e  a s  i n  t h e  c a s e  o f  
m o n o -  and d i - s a c c h a r i d e s ,  and v i t a m i n s  o r  by  a r a p i d  d e c r e a s e  a s  
in  t h e  c a s e  o f  p r o t e i n s .  D a r k - g r o w n  l e n t i l  s e e d l i n g s  a t  35 C w e r e  
fou n d  t o  ha v e  l o w e r  p r o t e i n  q u a n t i t y  and q u a l i t y  ( c h e m i c a l  s c o r e )  
compared t o  t h o s e  a t  25 C o r  t h o s e  grown i n  t h e  l i g h t  a t  25 C.
By g e r m i n a t i n g  l e n t i l s  i n  t h e  d a r k  a t  25 C t h e r e  i s  a n  i n c r e a s e
i n  c e r t a i n  v i t a m i n s  e . g .  v i t a m i n  C, t h i a m i n e  and r i b o f l a v i n .
A l t h o u g h  t h e s e  t h r e e  v i t a m i n s  i n c r e a s e d  i n  l e n t i l s  g e r m i n a t i n g  i n  
t h e  l i g h t  a t  25 C, t h e i r  i n c r e a s e s  w e r e  n o t  a s  h i g h  a s  t h o s e  i n  
t h e  d a r k  a t  25 C. L e n t i l s  grown a t  35 C i n  t h e  d a r k  s u f f e r e d  a 
h i g h e r  n u t r i t i o n a l  l o s s .
R e s u l t s  from t h e  p r e s e n t  s t u d y  ha ve  shown t h a t  g e r m i n a t i o n  a t  25 C 
i n  t h e  l i g h t  h a s  a d v a n t a g e s  i n  terras o f  p r o t e i n ,  o v e r  g e r m i n a t i o n  
i n  t h e  d a r k  a t  25 C. On t h e  o t h e r  h a n d ,  s e e d s  g e r m i n a t e d  a t  35 C 
i n  t h e  d a r k  w e r e  n o t  n u t r i t i o n a l l y  a s  good a s  t h o s e  i n  t h e  o t h e r
two c a s e s .  T h e r e f o r e  i t  i s  recommended t o  g e r m i n a t e  l e n t i l  s e e d s
a t  25 C i n  t h e  d a r k .
The f o u r  v a r i e t i e s  o f  l e n t i l  s e e d s  (AMR and LAG i n  p a r t i c u l a r )  
u s e d  i n  t h e  p r e s e n t  s t u d y  w e r e  f o u n d  t o  be  go od  b o t h  i n  p h y s i c a l  
and i n  c h e m i c a l  t e r m s . T h e r e f o r e  i t  w o u l d  be a d v i s a b l e  to
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i n t r o d u c e  t h e s e  v a r i e t i e s  to  a r e a s  l i k e  E t h i o p i a  and Yemen t o  
r e p l a c e  e x i s t i n g  v a r i e t i e s  w h i c h  h a v e  b e e n  f o u n d  n o t  t o  b e  a s  
good i n  t h e s e  r e s p e c t s  (SOLH and ERSKINE, 1 9 8 1 ) .
L e n t i l s  s u b j e c t d  t o  home p r o c e s s i n g  ( c o o k i n g )
S u c r o s e ,  r a f f i n o s e  an d  s t a c h y o s e  d e c r e a s e d  a f t e r  home p r o c e s s i n g  
( c o o k i n g ) ,  and  l o s s e s  i n  s u c r o s e  w e r e  g r e a t e r  t h a n  i n  s t a c h y o s e .  
S u c r o s e  r e t e n t i o n  r a n g e d  f ro m  45 to  63%, r a f f i n o s e  r e t e n t i o n  
v a r i e d  f r o m  36 to  46% and s t a c h y o s e  r e t e n t i o n  was  f o u n d  t o  r a n g e  
f rom 59 to  74%. T o t a l  a v a i l a b l e  c a r b o h y d r a t e s  i n  AMR, LAG JOR and 
SML b e f o r e  c o o k i n g  w e r e  5 1 . 1 ,  4 9 . 2 ,  4 7 . 1  and 4 6 . 8  g / lO O g d ry  w t .
and a f t e r  c o o k i n g  t h e y  w e re  4 1 . 9 ,  4 1 . 5 ,  3 8 . 2  an d  3 6 . 5  g / lO O g
r e s p e c t i v e l y .  S t a r c h e s  an d  d e x t r i n s  r e t e n t i o n  r a n g e d  f r o m  79 t o  
86%, and s o l u b l e  s u g a r s  r e t e n t i o n  v a r i e d  f r o m  56 to  66%.
C ru de  f i b r e  i n c r e a s e d  s i g n i f i c a n t l y  a f t e r  c o o k i n g ,  w h i l e  t o t a l  
l i p i d s  a p p e a r e d  t o  d e c r e a s e  b u t  t h i s  was  f o u n d  n o t  to  b e  
s i g n i f i c a n t .  P r o t e i n s  i n  AMR, LAG, JOR and SML b e f o r e  c o o k i n g  w e r e  
2 4 . 1 ,  2 6 . 4 ,  2 5 . 3  an d  2 7 . 5  g / lO O g  d r y  w e i g h t  r e s p e c t i v e l y ,  an d  
a f t e r  c o o k i n g  d e c r e a s e d  t o  2 1 . 9 ,  2 4 . 5 ,  2 4 . 6 ,  and 2 6 . 2 g / 1 0 0 g .  The
r e t e n t i o n  i n  t o t a l  amino a c i d s  r a n g e d  f r o m  88 t o  92%. P r o t e i n  
q u a l i t y  d e c r e a s e d ,  a s  t h e  c h e m i c a l  s c o r e  d e c r e a s e d  by 4 - 5  p o i n t s ,  
and f r e e  amino a c i d s  d e c r e a s e d  t o  t r a c e  a m o u n t s .
V i t a m i n  C r e t e n t i o n  was  f o u n d  t o  r a n g e  f rom 33 to  45%. T h i a m i n e  
r e t e n t i o n  was fo u n d  t o  r a n g e  f rom 44 t o  54% an d  r i b o f l a v i n  
r e t e n t i o n  v a r i e d  f r om  59 t o  65%.
C o o k i n g ,  l i k e  any o t h e r  p r o c e s s i n g ,  a f f e c t s  t h e  s t a b i l i t y  o r  
r e t e n t i o n  o f  n u t r i e n t s ,  e s p e c i a l l y  v i t a m i n s .  I t  i s  n o t  a l w a y s  
p o s s i b l e  to  make g e n e r a l i s a t i o n  a b o u t  t h e  e f f e c t  o f  p r o c e s s i n g  on 
v i t a m i n s ,  s i n c e  a nu mber  o f  f a c t o r s  a r e  i m p o r t a n t  e . g .  t y p e s  o f  
f o o d ,  c o o k i n g  t i m e ,  t e m p e r a t u r e ,  e x p o s u r e  t o  a i r  an d  p r o t e i n
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c o m p l e x e s  i n  t h e  f o o d  w h i c h  may h a v e  a p r o t e c t i v e  e f f e c t  on
v i t a m i n s  (BENTERUD, 1 9 7 7 ) .  G e n e r a l i s a t i o n  t h e r e f o r e  i s  n o t  
p o s s i b l e  i n  such  c a s e s .  I t  i s  n e c e s s a r y  t h e n  t o  cook e a c h  fo o d  
u n d e r  known c o n d i t i o n s ,  and t o  d e t e r m i n e  t h e  a c t u a l  e f f e c t .
I n  a n  a t t e m p t  to  im p r o v e  t h e  c o o k i n g  q u a l i t y  o f  l e n t i l s ,  t h e y  
w e r e  s o a k e d  i n  v a r i o u s  c h e m i c a l s  f o r  a s e t  t i m e  ( p l 9  2 ) •  Ammonium 
c a r b o n a t e  f o l l o w e d  by t r i s o d i u m  p h o s p h a t e  gave  t h e  b e s t  r e s u l t s  
i n  t e r m s  o f  d e c r e a s i n g  t h e  c o o k i n g  t i m e .  I n  t h e  p r e s e n t  s t u d y ,  
a l t h o u g h  t h e  r e s u l t s  o b t a i n e d  u s i n g  d i f f e r e n t  c h e m i c a l s  w e r e  n o t  
a l t o g e t h e r  s u c c e s s f u l ,  t h e r e  was a h i n t  t h a t  f u r t h e r  w o r k  was
r e q u i r e d  f o r  l e n t i l s ,  s i n c e  s o a k i n g  c e r t a i n  o t h e r  l e g u m e s  i n
c e r t a i n  c h e m i c a l s  h a s  p r o v e d  v e r y  s u c c e s s f u l  (ROCKLAND an d
METZLER, 1967;  MEHROTRA, 1 9 8 3 ) .
C a n n i n g
P a r a m e t e r s  f o r  c a n n i n g  e . g .  t im e  a n d  t e m p e r a t u r e  f o r  many f o o d s  
a r e  w e l l  e s t a b l i s h e d  b e c a u s e  t h e  c a n n i n g  o f  s u c h  f o o d s  h a s  b e e n  
d o n e  f o r  a l o n g  t i m e  now, w h i l e  f o r  o t h e r  f o o d s ,  i n c l u d i n g
l e n t i l s ,  t h i s  h a s  n o t  b e e n  s o .  The d i f f e r e n c e  i s  t h a t  t h e  c a n n i n g  
o f  t h e s e  l a t t e r  f o o d s  i s  m o re  r e c e n t ,  an d  i n f o r m a t i o n  on t h e s e  i s  
s a d l y  l a c k i n g .
F o r  c a n n i n g  l e n t i l  s e e d s  t h e y  we re  p r o e & s s e d  a t  245 F f o r  30 m in  
( P ' 2 0 3  ) '  T o t a l  a v a i l a b l e  c a r b o h y d r a t e s  b e f o r e  c a n n i n g  i n  AMR, 
LAG, JOR and SML w e r e  5 1 . 5 ,  4 9 . 2 ,  4 7 . 1  an d  4 6 . 8  g / lO O g  d ry  w t ,
and  a f t e r  c a n n i n g  t h e y  w e re  4 5 . 0 ,  4 6 . 6 ,  4 3 . 5  an d  4 1 . 8  g / lO O g
r e s p e c t i v e l y .  A f t e r  one  y e a r  s t o r a g e  a t  25 C t h e y  w e r e  fo u n d  t o  
be 4 0 . 5 ,  4 1 . 1 ,  3 9 . 7  a n d  3 8 . 1  g / lO O g  r e s p e c t i v e l y .  S t a r c h
r e t e n t i o n  a f t e r  c a n n i n g  r a n g e d  f r o m  89 (SML) t o  95%(LAG).  S t o r a g e  
f o r  t w e l v e  m o n t h s  a t  25 C r e s u l t e d  i n  l a r g e r  d e c r e a s e s .  S o l u b l e  
s u g a r s  r e t a i n e d  a f t e r  c a n n i n g  r a n g e d  f r o m  76 to  84% and a f t e r  one  
y e a r  s t o r a g e  r a n g e d  f r o m  54 t o  69%. C a n n i n g  d e c r e a s e d  s u c r o s e ,  
r a f f i n o s e  a n d  s t a c h y o s e .  S t o r a g e  o f  c a n n e d  l e n t i l s  a t  25 an d  35 C 
l e d  t o  s i g n i f i c a n t  d e c r e a s e s  i n  s u c r o s e ,  r a f f i n o s e  an d
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s t a c h y o s e .  The m o n o s a c c h a r i d e s  ( g l u c o s e  and f r u c t o s e )  i n c r e a s e d ,  
w h ich  c o u l d  be due t o  t h e  h y d r o l y s i s  o f  s u c r o s e .
C ru d e  f i b r e  i n c r e a s e d  s i g n i f i e n t l y  as  a r e s u l t  o f  c a n n i n g  a n d  
more  i n c r e a s e s  o c c u r r e d  a f t e r  one  y e a r  s t o r a g e  a t  25 C. T o t a l  
l i p i d s  d e c r e a s e d  s l i g h t l y  a f t e r  c a n n i n g  a n d  a s i g n i f i c a n t  
d e c r e a s e  was  o b s e r v e d  a f t e r  s t o r a g e  a t  25 C.
P r o t e i n  d e c r e a s e d  s l i g h t l y  as  a r e s u l t  o f  c a n n i n g  a n d  m ore  l o s s e s
o c c u r r e d  a f t e r  one  y e a r  a t  25 an d  a t  35 C. P r o t e i n  r e t e n t i o n
a f t e r  12 m o n t h - s t o r a g e  a t  25 C r a n g e d  f r o m  79 t o  83%, a t  35 C
l o s s e s  t o o k  p l a c e  w h i c h  w e r e  n o t  h i g h l y  s i g n i f i c a n t .
The e f f e c t  o f  t h e  s t o r a g e  t e m p e r a t u r e s  o f  25 an d  35 C on p r o t e i n
was t h e r e f o r e  v e r y  s m a l l .  C a n n i n g  d e c r e a s e d  t h e  t o t a l  am ino  a c i d s
of  l e n t i l s ,  and t h e  d e c r e a s e  r a n g e d  f r o m  7 0 . 8  t o  7 3 . 4  g / l O O g .  The
amino a c i d s  m o s t  a f f e c t e d  w e r e :  l y s i n e ,  m e t h i o n i n e ,  t r y p t o p h a n ,
v a l i n e ,  an d  h i s t i d i n e .  On s t o r a g e  f o r  one  y e a r  a t  25 an d  35 C
f u r t h e r  l o s s e s  o c c u r r e d .  A f t e r  o n e  y e a r  s t o r a g e ,  t h e  two
t e m p e r a t u r e s  (25 an d  35 C) h a v e  a n e l i g i b l e  e f f e c t  on t o t a l  amino
a c i d s .  F r e e  amino a c i d s  r e t e n t i o n  a f t e r  c a n n i n g  r a n g e d  f r o m  58
(LAG) t o  64% (SML).  S t o r a g e  f o r  t w e l v e  m o n t h s  a t  25 C r e s u l t e d  i n  
Y
f u r th e r  l o s s e s .
The t h r e e  v i t a m i n s : v i t a m i n  C, t h i a m i n e  a n d  r i b o f l a v i n
V i t a m i n  C r e t e n t i o n  r a n g e d  f r o m  57 (AMR) to  63% (LAG) a f t e r
c a n n i n g .  A f t e r  t w e l v e  m o n t h ) s t o r a g e  a t  25 C, i t s  r e t e n t i o n  r a n g e d  
f rom 41 to  51%. At  t h e  end o f  12 mon ths  s t o r a g e  a t  35 C v i t a m i n  C 
r e t e n t i o n  was  f o u n d  t o  r a n g e  f rom 25 to  35%. The r a t e  o f  v i t a m i n  
C l o s s  a t  35 C was t h e r e f o r e  h i g h e r  t h a n  a t  25 C. T h i a m i n e
r e t e n t i o n  a s  a r e s u l t  o f  c a n n i n g  r a n g e d  f r om  68 t o  75%. A f t e r  
t w e l v e  m o n th  s t o r a g e  a t  25 C i t s  r e t e n t i o n  r a n g e d  f ro m  50 to  57% 
an d  a t  35 C i t s  r e t e n t i o n  v a r i e d  f r o m  4 4  t o  49%, R i b o f l a v i n
r e t e n t i o n  a f t e r  c a n n i n g  r a n g e d  f r o m  71 to  81%, A f t e r  one  y e a r  
s t o r a g e  a t  25 C, r i b o f l a v i n  r e t e n t i o n  r a n g e d  f r o m  54 t o  65% and 
a t  35 C i t s  r e t e n t i o n  v a r i e d  f r o m  47 t o  56%, L o s s e s  i n  r i b o f l a v i n
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an d  t h i a m i n e  a s  a f u n c t i o n  o f  s t o r a g e  t i m e  a n d  t e m p e r a t u r e  w e r e  
f o u n d  t o  b e  s m a l l  c o m p a r e d  t o  t h o s e  o f  v i t a m i n  C.
M a x i m i s i n g  n u t r i e n t  r e t e n t i o n  f o r  t h e r m a l  p r o c e s s i n g  h a Ç  
r e c e i v e d  a l o t  o f  a t t e n t i o n  r e c e n t l y ,  an d  f o r  o p t i m i s a t i o n ,  ea ch  
h e a t i n g  p r o c e s s  a n d  p r o d u c t  m u s t  be  c o n s i d e r e d  i n d i v i d u a l l y  
(PRIESTLEY, 1 9 7 9 ) .
S t o r a g e  t e m p e r a t u r e  seems to  b e  i m p o r t a n t  a s  f a r  a s  n u t r i t i o n a l  
q u a l i t y  of  c a n n e d  l e n t i l s  i s  c o n c e r n e d .  S t o r a g e  a t  25 C a p p e a r s  
to  be  m o re  d e s i r a b l e  t h a n  a t  35 C. H i g h e r  s t o r a g e  t e m p e r a t u r e  h a s  
a g r e a t e r  s i g n i f i c a n t  e f f e c t  on v i t a m i n  C t h a n  on t h e  o t h e r  
v i t a m i n s .  S o ,  a l t h o u g h  t h e  a d v a n t a g e s  a n d  b e n e f i t s  o f  f o o d  
p r o c e s s i n g  ( c a n n i n g )  a r e  nu merous  ( p.-jg g ) ,  i t  i s  i m p o r t a n t  t h a t  
c e r t a i n  p r e c a u t i o n s  a r e  t a k e n  d u r i n g  t h e  s t o r a g e  o f  c a n n e d  l e n t i l  
s e e d s .  I t  w o u l d  be a d v a n t a g e o u s  f rom  a n u t r i t i o n a l  v i e w p o i n t  to  
s t o r e  them a t  t h e  l o w e r  t e m p e r a t u r e  (25 C) a l t h o u g h ,  i n  c e r t a i n  
c o u n t r i e s  t h e  summer t e m p e r a t u r e  can  be a s  h i g h  as  35 C o r  ev en  
h i g h e r .  I t  i s  a d v i s a b l e  t h e n  n o t  to  s t o r e  t h e  c a n s  a t  35 C i f  a t  
a l l  p o s s i b l e .
S c a n n i n g  E l e c t r o n  M i c r o s c o p y
I n  t h e  p r e s e n t  s t u d y ,  t h e  c e l l s  i n  t h e  f o u r  v a r i e t i e s  o f  l e n t i l s  
i n v e s t i g a t e d  r a n g e d  f r o m  52 to  80 yum i n  d i a m e t e r .  The c h i & f  
r e s e r v e  i s  s t a r c h ,  p r e s e n t  as  g r a n u l e s  r a n g i n g  f r o m  1 8 . 5  to  2 5 . 7  
um i n  d i a m e t e r .  The c e l l s  a n d  s t a r c h  g r a n u l e s  a r e  s m a l l e r  t h a n  
t h o s e  o f  o t h e r  l e g u m e s  e . g .  b e a n s  (P h a s e o l u s  v u l g a r i s ) w i t h  c e l l s  
a b o u t  160 yam i n  d i a m e t e r  a n d  s t a r c h  g r a n u l e s  up to  50 jm  i n  
d i a m e t e r  (OPIK,  1 9 6 6 ) .  P r o t e i n  was  o b s e r v e d  a s  t h i n  m em b ran es  
s u r r o u n d i n g  t h e  s t a r c h  g r a n u l e s .  D u r i n g  c o o k i n g  s t a r c h  g r a n u l e s  
c h a n g e d  s h a p e ,  became  r o u g h  and  l o s e  t h e i r  b i r e f r i g e n c e .
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FINAL CONCLUSION
ûjr^
The w o r l d  i s  f a c e d  w i t h  | i n c r e a s i n g  p o p u l a t i o n  p ro b l e m  and i t  i s  
i m p o r t a n t  t h e r e f o r e  t h a t  enough fo od  i s  a v a i l a b l e  so t h a t  e v e r y  
one g e t s  enoug h o f  t h e  p r o p e r  n u t r i e n t s .  FAO ( 1 9 6 4 )  h a s  i s s u e d  
t h e  f o l l o w i n g  g u i d e l i n e s :
1 . I n  m o s t  u n d e r d e v e l o p e d  r e g i o n s  i t  h a s  b e e n  shown t h a t  p r o t e i n  
i n t a k e  i s  l e s s  t h a n  i t  was  some 20 y e a r s  a g o .
2 . The p r o d u c t i o n  o f  a n i m a l  fo od  e . g .  m e a t ,  egg a n d  f i s h  i s  i n ­
c r e a s i n g  s l o w l y  b u t  i s  n o t  k e e p i n g  p a c e  w i t h  t h e  r i s e  i n  w o r l d  
p o p u l a  t i o n .
3 . T h e r e f o r e  i t  i s  e s s e n t i a l  to  i n c r e a s e  t h e  s u p p l y  o f  g r a i n s ,
e s p e c i a l l y  t h o s e  of  l e g u m e s .  T h i s  o f f e r s  a p a r t i a l  s o l u t i o n  t o
t h e  p r o b l e m  o f  i n c r e a s i n g  s u p p l y  of  w o r l d  p r o t e i n ,  an d  t h i s
i n c r e a s e  can  be a c h i e v e d  i n  a r e l a t i v e l y  s h o r t  t i m e .
G r e a t e r  c o n s u m p t i o n  can be b r o u g h t  a b o u t  by  i n c r e a s e d  
a v a i l a b i l i t y  o f  l e g u m e s  and t h e i r  i n t r o d u c t i o n  a s  new p r o c e s s e d  
f o o d s .
L e n t i l s  a r e  n u t r i t i o u s  a n d  c o u l d  p l a y  an i m p o r t a n t  r o l e  i n  m a n ' s  
d i e t .  I n  many c o u n t r i e s  l i k e  I n d i a  t h e  p r o d u c t i o n  o f  l e n t i l s  i n  
1975 was n e a r l y  d o u b l e  t h a t  i n  1 9 6 6 .
The c a n n i n g  o f  l e n t i l s  h a s  s t a r t e d  r e c e n t l y  i n  some c o u n t r i e s
e . g .  U .S .A .  w h ic h  ca n  s u p p l y  t h e s e  to  t h e  u n d e r d e v e l o p e d
c o u n t r i e s .  T h i s  h o w e v e r  c o s t s  money w h ich  t h e  p o o r e r  c o u n t r i e s
r
ca n h a r d l y  a f f o r d .  F u^her^  c o m m e r c i a l  s t a r c h  c a n  be p r o d u c e d  f r o m  
l e n t i l  s e e d s  a n d  w o u ld  a f f o r d  a go o d  r e v e n u e .
L e n t i l s  a r e  c o n s i d e r e d  t o  b e  t h e  m o s t  e a s i l y  d i g e s t i b l e  o f  g r a i n
l e g u m e s  and o f  t e n  s e r v e d  t o  h o s p i t a l - p a t i e n t s  f o r  t h i s  r e a s o n .
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A s t a r t  h a s  b e e n  made h e r e  to  show t h e  v a r i o u s  n u t r i e n t s  t h a t  can 
be s u p p l i e d  by t h i s  co m m o d i ty .  F u r t h e r  r e s e a r c h  i s  r e q u i r e d  i n  a n  
a t t e m p t  to  p r o d u c e  new l i n e s  i n  l e n t i l  s e e d s  w h i c h  w o u ld  n o t  o n l y  
be b i g g e r  i n  s i z e ,  l a r g e r  i n  y i e l d  b u t  ^ a l s o  c e r t a i n
n u t r i t i o n a l  f e a t u r e s  a n d  c h a r a c t e r s  w h i c h  w o u ld  a l l o w  them t o  
grow u n d e r  e x t r e m e  c o n d i t i o n s .  F i n a l l y  humans s h o u l d  be 
e n c o u r a g e d  t o  consume l e n t i l s  i n  l a r g e r  a m o u n t s  t o  p r o v i d e  them 
w i t h  t h e s e  e s s e n t i a l  n u t r i e n t s  a n d  v i t a m i n s  i n  a d i e t  s a d l y  
l a c k i n g  i n  t h e m .
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A p p e n d i x  1 .  For  c o n v e r t i n g  t h e  d i f f e r e n c e  in  m i l l i l i t r e s  o f  O. I N  
t h i o s u l p h a t e  n e e d e d  f o r  t h e  f i l t r a t e  and t h e  b l a n k  
d e t e r m i n a t i o n  (Vq -  V) x 10  x T to g l u c o s e
r O.IN thio Glucose A
V) X  10 X  T (mg)
1 2.A
2.A
2 A.8
2.A
3 7.2
2.5
A 9.7
2.5
5 12.2
2.5
6 1A.7
2.5
7 17.2
2.6
8 19.8
2.6
9 22.4
2.6
10 25.0
2.6
11 27.6
2.7
12 30.3
2.7
13 33.0
2.7
lA 35.7
2.8
15 38.5
2.8
16 A1.3
2.9
17 AA.2
2.9
18 A7.1
2.9
19 50.0
3.0
20 53.0
3.0
21 56.0
3.1
22 59.1
3.1
23 62.2
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